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COMING MEETINGS AND PAPERS 


PITTSBURGH SECTION 
TOPICAL DISCUSSION 
“MANIPULATORS FOR REVERSING BLOOMING MILLS” 
By 
Mesta Machine Company, 


United Engineering & Foundry Company, 
Mackintosh Hemphill Company. 


2:30 P. M., Saturday, Blue Room, Wm. Penn Hotel, 


February 27th, 1926 Pittsburgh, Pa. 


SAFETY CONGRESS 
“THE SAFE OPERATION OF ELECTRIC OVERHEAD TRAVELING CRANES” 


The meeting beg:ns at 10:00 A. M., Wednesday, March 10th. 
(Program appears on page III of this issue) 








APRIL, 1926 


“MAINTENANCE — STEAM TURBINES” 


By A. L. Penniman, Jr., Supt. Steam Stations, Consolidated Gas, 
Electric Light and Power Company, Baltimore, Md. 





PHILADELPHIA SECTION 


SATURDAY, MARCH 6th, 1926 


“MAGNETIC CONTROL FOR STEEL MILL AUXILIARIES” 


By H. H. Angel, General Foreman and Control Specialist, Bethlehem 
Steel Company, Sparrows Point, Md. 





SATURDAY, APRIL 10th, 1926 
“GENERAL IDEAS AND DISCUSSION” 


Every active m:mber is invited to prepare a short paper on a subject 
pertaining to the appl-caiion of Electr-.city to the Iron and Steel Industry. 





MAY, 1926 
INSPECTION TRIP.—The Bethlehem Steel Company invites the members of the Association to visit the Mary- 
land Plant of the Bethlehem Steel Company, located at Sparrows Point, Md. Details will be announced later. 


All mzetings of the Philadelphia Section are held in the Engineers 
Club, 1317 Spruce Street, and will start promptly at 7:30 P. M. They 
are preceded by an informal dinner at 6:00 P. M. 





CLEVELAND SECTION 


FRIDAY, FEBRUARY 26th, 1926 
“GET-TOGETHER MEETING’—Reception and Dance 


Hotel Winton, Members and immediate 
Cleveland, Ohio. friends invited. 





CHICAGO SECTION 


THURSDAY, MARCH 10th, 1926 


“FREQUENCY CONVERTERS FOR INTERCHANGE OF POWER BETWEEN STEEL MILLS 
AND CENTRAL STATIONS” 


By F. J. Schwarz, Industrial Engineer, General Electric Company, 
Schenectady, New York. 
Dinner 6:30 P. M. Electric Club Rooms, 
Meeting 8:00 P. M. 30 No. Dearborn St., 
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SAFETY CONGRESS 


Auspices 


SAFETY DIVISION 


Association of Iron & Steel Electrical Engineers 


WEDNESDAY, MARCH 10th, 1926 


Blue Room—Wm. Penn Hotel Pittsburgh, Pennsylvania 
SUBJECT: 


“THE SAFE OPERATION OF ELECTRIC OVERHEAD TRAVELING CRANES” 
WEDNESDAY MORNING, 10:00 O’CLOCK 


EMPLOYING AND TRAINING.CRANE OPERATORS— 


A—Safe Crane Operators. 
Physical and Mental Requirements, Tests, et 
B—Teaching Men to Operate Cranes 
Operators to Be Selected From 
lIst—Floating Labor or Gang 
2nd—Experienced Operators. 
3rd—Course of Training 


WEDNESDAY AFTERNOON, 2:00 O’CLOCK 
CRANES— 


A—Ladders, Steps, Walks, Platforms. 
3—Guards, Falling Crane Parts, Failure of Ropes 
C—Switches, Location of Switches, Manual or Magnetic Control, Hoist Limit Switches, xposed Cur 
rent Carrying Parts 
D—Inspection. 
E—Lubrication. 
F—Fire Hazards 
RUNWAYS— 
A—Signals. 
B—Rules for Workmen and Repairmen on Runways 
C—Approaches to Runways 
D—Rail Stops 
E—Sanders 
EDUCATIONAL— 
A—Crane Operators Rules. 
,—Crane Directors Rules. 


COMMITTEE ON GENERAL ARRANGEMENTS 


C. L. Baker, General Chairman; Manage- R. G. Adair, Vice Chairman; Safety Di- 
ments Representative, Bethlehem Steel rector, American Rolling Mills Co., Mid 
Company, Johnstown, Pa. dletown, Ohio. 

J. <A. Oartel, Safety Director, Carnegie J. C. Reed, Electrical Engineer, Bethlehem 
Stcel Company, Pi:tsburgh, Pa. Steel Company, Steelton, Pa. 

A. C. Germain, Safety Director, Minnesota A. C. Gibson, Safety Director, Spang- 
Steel] Company, Duluth, Minnesota. Chalfant Company, Eina, Pa. 

W. S. Hall, Electrical Engineer, Illinois Walter Greenwood, Safety Director, Car- 
S:cel Company, So. Chicago, Ill. negie Sieel Company, Youngstown, Ohio. 


CRANE BUILDERS COMMITTEE 


Morgan Engineering Company, Alliance, Chesapeak Iron Works, Baltimore, Md. Euclid Crane & Hoist Co., Euclid, Ohio. 
re ! Alliance Machine Company, Alliance, Ohio. Shaw Crane Works, Muskcron. Mich. 

Harnischfeger Corp., Milwaukee, Wis. Shepard Elec. Crane & Hoist Co., Montour 

Niles, Bement, Pond Csmpany, Philade'- Falls, N. ‘ Northe: n Engincering Works, Detroit, 
phia, Pa. Milwaukee Crane Company, Milwaukee, Zz — 

Cleveland Crane & Engineering Company, Wis. Toledo Crane Company, Bucyrus, Ohio. 
Wickliffe, Ohio. Whiting Corporation, Whiting, Ind. Alfred Box & Co., Philadelphia, Pa 
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APPLICATION FOR MEMBERSHIP 


Iron and Steel Industry’s Combustion Engineering Division 
ASSOCIATED WITH 


Association of Iron & Steel Electrical Engineers 


PURPOSE 
The Combustion Engineering Division of the A. I. & S. E. E. is composed of engineers whose 
problems have to do with the economical uses of Fuel in the processing and production of Iron 


and Steel. 
ACTIVITIES 


The activities of the Combustion Engineering Division are confined exclusively to the Iron and 
Steel Industry. The main object is the improving of all fuel consuming equipment, both primary 
and auxiliary, i. e., coke ovens, blast furnaces, open hearth furnaces, gas producers, heating 


furnaces, steam boilers, steam engines and gas engines. 


MEMBERSHIP 
Every member is entitled to the proceedings and transactions of the Cleveland, Pittsburgh, 
Birmingham, Philadelphia and Chicago sections of the A. I. & S. E. E. The proceedings of the 
Fuel Savings Conference, the use of the National Headquarters clearing house for data, attend- 
ance at the Annual Conventions, and Iron and Steel Expositions, the Monthly issue of the Iron 
and Steel Engineer (the Steel Industrys’ recognized engineering periodical) the Yearly transac- 
tions of the A. I. & S. E. E., the privileges of all inspection trips to Iron and Steel Plants. 


To the Combustion Engineering Division: 
Application is hereby made for admission to the Combustion Engineering Division of the 


A. I. & §. E. E. Upon notification of such admission I promise to pay the entrance fee of $10.00, 
and dues of $10.00, $5.00 thereof being in payment of a year’s subscription to the Iron and Steel 
Engineer, the official organ of the Combustion Engineering Division. 


Name.......... ks RO Te 
Residence _ ............. Sere Sek eae ee ay .. State 
NF Faa MNS SOCOM od PED ae OE! 
Company . 
City he sinker acl SSM Sa NT RI 


Return this application to any one of the following: 


W. P. Chandler, Spec. Engr., Carnegie Steel Company, Pittsburgh, Pa. 

Walter Flanagan, Steam Engr., Carnegie Steel Co., Youngstown, Ohio. 

H. C. Siebert, Comb. Engineer, Bethlehem Steel, Co., Bethlehem, Pa. 

Mr. G. R. McDermott, Asst. Chief Engr., Illinois Steel Co., So. Chicago, IIl. 
Mr. F. G. Cutler, Chief Bureau of Steam Eng., Tennessee Coal, Iron and Railroad Co., Ensley, Ala. 
Mr. A. G. Witting, Asst. Chief Engr., Illnois Steel. Co., Gary, Ind. 

E. W. Trexler, Comb. & Steam Engr., Bethlehem Steel Co., Johnstown, Pa. 

W. J. Harper, Steam Engr., Donner Steel Co., Buffalo, N. Y. 

Mr. C. H. Hunt, Chief Engr., Weirton Steel Co., Weirton, W. Va. 

Mr. J. C. Allen, Chief Engr., Carnegie Steel Company, New Castle, Pa. 

Mr. A. Steed, Supt. Power Div., American Rolling Mill Co., Middletown, Ohio. 
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22nd ANNUAL CONVENTION 


—AND— 


IRON AND STEEL EXPOSITION 





June 7th, 8th, 9th and 10th, 1926 





Hotel Sherman Chicago, III. 





“Everything Under One Roof” 





TENTATIVE TECHNICAL PROGRAM 


MONDAY, JUNE 7th, 1926 


“SAFETY CONGRESS” 
A. I. & S. E. E. Recommendations “Rules for the Safe Operation of Electric Overhead Traveling Cranes.” 


TUESDAY, JUNE 8th, 1926 
“Standardization of Mill Type Motors.” 
“Tests in connection with Uniflow Engine, built by 
Nordberg Engine Company.” 


WEDNESDAY, JUNE 9th, 1926 


“Refractories for the Iron and Steel Industry.” 
“Report of Electric Heat Committee.” 


THURSDAY, JUNE 10th, 1926 


“Electric Transportation Yards, Mills, Shops and Factories.” 


FRIDAY, JUNE 11th, 1926 


“Inspection Trip.” 





IRON AND STEEL EXPOSITION 
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TO THE EXECUTIVES, 
IRON AND. STEEL INDUSTRY, , ‘ 
UNITED STATES AND CANADA. 


Gentlemen: : 
The Association of Iron and Steel Engineers, this year, is instituting a program which 
is intended to keep the Steel Industry, as a whole, informed of all ) See of electrical 
heating which would be of-interest to the various members. 

The information, which it is ‘the Association’s desire to disseminate to the industry 
through a report published each year, should contain the salient reasons for continuing in service 
the various electric heat installations which have been made, and also the possible sources of econ- 
omy which might be expected through new installations. 

In order that the Association’s work may be of direct value.to you, we ask that you 
examine the outline of this year’s report and let us know if there are any other phases to this sub- 
ject which you would care to have us include in our program. 

The main value of the report will be the statements of users of various equipment as to its 
advantages or disadvantages and we trust that when your co-operation is requested, from time to 
time, that you will find it possible to give us the assistance desired. 

Trusting that when the annual report of Electrical Heat Committee is issued by the Asso- 
ciation you will find it of lasting value, I am, 


Yours very truly, 
-  W. P. CHANDLER, 


Chairman Electrical Heat Committee. 





Outline of Report 
ELECTRIC HEAT COMMITTEE 
To Be Presented At 
TWENTY-SECOND ANNUAL CONVENTION 
—OF— 
Association of Iron and Steel Electrical Engineers 


JUNE 7th, 8th, 9th and 10th, 1926 
Hotel Sherman, Chicago, III. 


——_9 —— 


February, 1926 


ARC MELTING FURNACES— 
i—Developments 1926. 
By Manufacturers and Builders. 
b—Reports by Arc Melting Furnace Operators. 
INDUCTION MELTING FURNACES— 
a— Developments. 
By Manufacturers and 
Induction Melting 


suilders. 
b—Reports by Furnace Opera- 
tors, 
RESISTANCE FURNACES (High Temperature Ap- 
plications) 
A—Soaking Pits. 
B—Carbonizing and Hardening. 


C—Annealing. 


a—Wire Mills. 
b—Sheet Mills. 
c—Cold Rolled Strip Mills. 
d—Special Grade Steels. 
D—Heat Treating Furnaces. 
a—Took Roomp,.. 
E—Electric Hot Top fot Moulds. 
a—Steel Ingots. 


b—Roll Manufacturers. 


ROLL HEATERS— 
a—Developments 1926. 
Reports by Manufacturers 
b—Sheet Mill Operators. 


LOW TEMPERATURE APPLICATIONS— 
A—Galvanizing. 
a—Developments 1926. 
By Manufacturers and Builders 
b—Report by Operators. 
B—Tin Pots. 
a—Developments 1926 
By Manufacturers and Builders. 
b—Report by Operators 
C—Wire Drying. 
a—Developments 1926. 
By Manufacturers and Builders. 
b—Report by Operators. 
D—Core Ovens. 
a—Developments 1926. 
By Manufacturers and Builders 
b—Reports by Foundry Industry. 


WELDING— 
A—Spx rt. 
a—Wire Fence Industry. 


3—Arc Welding. 
a—By Steel Industry. 











26 





February, 1926 


IRON AND STEEL ENGINEER Vil 











EDITORIALS 

















To the Members of the Association of Jron and 
Steel Electrical Engineers: 


Many of you have heard rumors of a new mill 
tvpe motor which is shortly to appear on the mar- 
ket. It has been reported that the new motor will 
differ somewhat in design from the mill type motors 
with which we all are familiar. For this reason, the 
officers of the Association call the attention of the 
active members to “Association’s” effort to secure 
un:form external dimensions for these new motors, 
regardless of by which manufacturer they are pro- 
duced. ‘This project is progressing rapidly, and with 
promise of success. The following has been accom- 
plished: 

(1) Letters have been written to the pres‘dent: 
of the steel companies, asking for their approval of 
this campaign. Although these letters were sent out 
only three weeks ago, we already have favorable re- 
plies from many companies, including most of the 
large steel producers. 

(2) Informal discussions wth the repfesenta- 
tives of two of the manufacturers of mill type 
motors w:th the idea of determining wat new fea- 
tures would be incorporated in the revision of mill 
type motor design. 

(3) Letters were mailed January 21 to the presi- 
dents of the large eleetrical manufacturing concerns 
requesting that they co-operate with the Associ- 
ation in attempting to standardize external dimen- 
sions and secure uniform ratings and speeds. At 
this writing we have a reply from one of the 
manufacturers which states that ke believes this 
project can be successfully consummated. 

In order that there may be no misunderstanding, 
we list the specific features to be standardized: 

) HP ratings and speeds 

External dimensions. 


(2) 
) Shaft diameters, tapers, keys, keyways and 


shaft tolerances. 

(4) Mounting bolt hole dimensions. 

(5) Bearings (anti-friction only and—in size 
only.) 


I 
ps 
» 
v 


In other words, enable users of mill type motors 
to refer to the same outline dimension sheets _ re- 
gardless of by whom the motors are produced. 

One of the active members of tre Association 
estimated that had this been done at the time the 
present mill type motors were first developed, elec- 
trical inventories would be at least 30% less at thie 
present time. We feel that this project deserves 
the support of every active member of the Assoct- 
ation, 

We have the support of the steel manufacturers 
and the electrical manufacturers will undoubtedly do 
all in their power to go along with us. 

In order to expedite the work of Standards Com- 
mittee, it is essential that we secure the opinions of 
the membership in regard to the features on the at- 
tached questionnaire. 


It will be necessary to have the replies to these 
questions in the hands of the Committee not later 
than February 23. We ask your co-operation and 
hope we may be able to give you service in this 
matter, 

Yours very truly, 
A. ©. CUMMINS, Past President, 
Chairman Standardization Committee. 


QUESTIONNAIRE: STANDARDIZED MILL 
TYPE MOTOR 

(1) Will steel mill electrical engineers be satis- 
hed with box type non-split frame mil! type motors, 
even if they can be purchased for 20% less money, 
are lighter, and occupy less space? 

(2) Do steel mill electrical engineers desire mill 
type motors designed to accommodate anti-friction 
bearings only rather than motors des'gned to permit 
the installation of either anti-friction or sleeve bear- 
ings? 

(3) If motors are designed with frames which 
will accommodate either sleeve or anti-friction bear- 
ings, must the arrangement of bearings be such as to 
permit the use of either type in the same frame 
interchangeably ? 

(4) Shall the new mill type motor have bear- 
ings provided with sufficient end thrust capacity 
to permit the use of single spiral Seven to ten degree 
helical gearing? 

(5) Can the number of ratings be reduced? If 
you believe it can, submit a list of one-hour ratings, 
which will meet your requirements up to 225 HP. 

(6) Do you believe increased speeds for mill 
type motors is desirable? 

(7) Do you desire motors having armatures 
built on a spider and commutators mounted on an 
extension thereof? 

(8) The committee will be grateful for any 
other suggestions that you may have covering fea- 
tures which would be desirable to have included in 
improved designs of mill type motors. Such sugges- 
tions should be made with the idea of solving gen- 
eral maintenance problems rather than specific cases. 


SAFETY CONGRESS 


The Steel Industry was the first industrial to 
recognize the greatest humanitarian movement i6 
existence today, “The Protection of Human Life,” 
and instituted organized safety in its plants as early 
as 1905. The A L&S.E.E., from the day of its in 
ception, in 1907, treated the Safety Problem in such 
a manner that it attracted natoin-wide attention. 

In 1908, Mr. J. C. Reed, then President of the 
\.L&S.E.E., selected and appointed the first Safety 
Committeee, whose efforts were directed, in a nar 
tional way, to the protection of human lives. 


(Continued on Page 123) 
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Electrically Heated Hot Top Ingots 


By F. C. WATSON* 


OR many years Monel and Nickel ingots have 
F been cast with a head averaging 18” long and 

weighing approximately 800 lbs., the purpose 
of the long head being to take care of gas holes and 
pipes. Of course, it was always necessary to saw 
off the head and return it to the furnace for re- 
melting. 

The desire to produce an ingot, which would be 
solid throughout its length and with as little excess 
metal as possible, has brought about the develop- 
ment of certain apparatus and methods which are 
to be described in this paper. It should be under- 
stood that all of the experiments and practical re- 
sults obtained have been with Monel and Nickel 
ingots. There has not been any opportunity to try 
the methods on ferrous metals. 














FIG. 1. 


Early in the year 1924 plans were made to de- 
velop and study methods to dispense with the large 
ingot heads. Naturally, the first thing that suggested 
itself was the use of an electric arc to keep the metal 
at the top of the ingot hot while the bottom and 
sides were cooling. The hot metal at the top would 
be available to fill up any holes caused by shrink- 
age. 
A single electrode carried on a portable truck was 
built for experiments. This equipment is shown in 
Fig. 1. 

Means were provided for moving the electrode 


up and down manually. An old single phase trans- 


former being available, several trials were made in 
which one conductor was attached to the side of the 
mold and the other attached to the electrode. The 
results of these tests were somewhat encouraging, 
but in order to try out the apparatus on a number 
of voltages, it was connected to one of the electric 
furnace transformers giving voltages as low as 59 
volts. 





*Elec. Supt., International Nickel Company, Hunting- 
ton, W. Va. 


From these early experiments enough informa- 
tion was obtained to prove that a solid ingot could 
be made, but to put the system on a practical and 
economical basis it would be necessary to have 
autcmatic control of the electrode, a more practical 
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method of connecting to the mold, a quick and safe 
method of connecting the electrode to the source 
of power from which a large current would be 
taken. The equipment would have to be nearly 
fool proof, substantial and easy to operate. 

















FIG, 3. 


A brief description of the methods used in the 
casting of ingots will make it clearer as to why 
certain plans were adopted. All ingots are poured 
with the mold in a pit, the top of the mold be- 
ing about on a level with the main floor. All ingots 
are poured with the large end up. The metal is 
poured at an average teriperature of 2,750, 








sd IRON AND STEEL ENGINEER 


Fig. 2 illustrates in a simplified manner, the 
scheme which was originally adopted and developed 
to produce a solid ingot by the electrically heated 
hot-top method. 

In Figs. 3, 4, 5, is pictured one of the trucks 
carrying an automatically controlled electrode. The 
truck was built and all parts assembled in the com- 
pany’s shop. ‘The electrode arm is raised and low- 
ered by a small winch connected to a }4 H.P. 230 
Volt DC. metor through a small worm drive. The 




















FIG. 4. 


winch, motor and worm drive are mounted in the 
base of the truck. The motor is controlled through 
a furnace type control panel, made up of the follow- 
ing apparatus: 

1—Contact Making Ammeter 

i—Regulating Rheostat 

1—Undervoltage Relay. 

i—Current Transformer, Ratio 2000 to 5 

1—Push* Button Starter. ; 

I—S.P. “Raising” Contactor’ with 
braking Contact 

1-—S.P. “Lowering” 
braking Contact 

1—S.P. Slow-Down Contactor 


Dynamic 


Contactor with Dynamic 


The contact making ammeter with its adjusting 
rheostat provides a means of regulating the amount 
of current that the operator wishes to use through 
the electrode. This can be varied from 200 to 4,000 
amperes. 

The undervoltage relay has its holding coil con- 
nected across the are circuit so that in case the 
A.C. power fails the relay coil releases and holds 
open the “lowering’ contactor, thus preventing the 
electrode from being lowered into the bath. When 
the A.C. power comes on again the relay is closed, 
allowing the “lowering” contactor to become oper- 
ative and the arc is re-established automatically. 
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The .type of push button station used permits of 
hand or automatic raising and lowering of the elec- 
trode. 

The electrode clamp does not require water cool- 
ing, and is therefore made from standard copper 
bus 44”%x4”. The casting on the column carrying 
the electrode arm has been provided with sufficient 
counter balance so that it will ride up and down the 
column freely, the column being provided with two 
vertical guides. 

The truck is provided with rubber tires for two 
reasons—one, to prevent accidental grounding and 
more especially to take up the shocks due to rolling 
ver the floor. As only five trucks are available, it is 
necessary to transfer them to any point around the 
pit. One man can easily handle a truck. The truck 
is provided with a flexible conductor made up of 3 
single conductors of 300,000 cm each. Dynamo cable 
is used on account of its flexibility The electrode arm 
is connected to the main conductor by several strands 
of flat brush shunt cable covered by a layer of as- 
bestos tape. As a means for connecting the main 
conductor to the source of power, a plug was de- 
signed. and it is made up of two pieces of 4” x4” 
bus copper mounted on a wooden handle. In addi- 
tion to the two 4”x4” contacts there are three 
finger contacts for making the 230 volt D.C. cir- 
cuit and the A.C. cirguit for the undervoltage re- 
iay. In building up the truck with its appurtenances 
the aim of simplicity was always kept in mind. 

There is another feature which has been given 
consideration and might be used to advantage. This 
is a definite time relay. To use this relay an inde- 
pendent 110 volt. A.C. circuit would have to be sup- 
plied. A relay of this type would add to the equip- 
ment an automatic timing feature having a range of 

















FIG. 5. 


2 seconds to 30 minutes. It could be so connected 
that at the end of the predetermined time the elec- 
trode would be raised and the are broken. 

After nine months’ experience with the trucks it 
has not been found necessary to use any limit 
switches. 

POWER TRANSFORMER 

The A.C. power for heating the ingot top is sup- 
plied from an 1800 KVA 3 phase, 60 cycle furnace 
type transformer designed for 2200 volt primary 
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voltage. This particular transformer was purchased 
as a spare or duplicate of the other furnace trans- 
formers in the plant. Knowing that considerable ex- 
perimenting with secondary voltages would be de- 
sired, additional secondary voltage taps were 
brought out. At this time the transformer is being 
used with a delta primary connection and a Y sec- 
ondary connection giving approximately 100 volts 




















FIG. 6. 


from phase to neutral. As shown in Fig. 2 the neu- 
tral is connected to the rails supporting the 
molds. 

The transformer is provided with an air core 
type reactor giving 10 per cent reactive drop in the 
primary circuit. The power for the transforme: 
is taken from a 2200 volt 3 phase circuit supplying 
one of the nearby electric furnaces. While the load 
at times is very unbalanced it has not materially 
affected the regulation on the electric furnace. 

The primary control panel for the transformer 1s 
equipped with the following: 


3—Ammeters 

1—Indicating Watt Meter 

1—Voltmeter for Primary Circuit 

1—Voltmeter for Secondary Circuit 

1-—Watthour Meter 

3--Ground Detector Lamps 

3—Inverse Time Limit Overload Relays 

I—D.C. Undervoltage Relay 

i—D.C. Voltmeter 

1—Control Switch for Solenoid Operated Oil 
Circuit Breaker 

DISTRIBUTION SYSTEMS 

\ portion of the distributicn system is shown in 
Fig. 6. 

The 3 phase secondary circuit is carried around 
the pouring pit on a bus structure in a trench. The 
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trench is covered with heavy cast iron floor plates 
in which have been provided openings through which 
the connector plug is inserted. The plates are square 
and the opening so placed that the plate can be used 
in three positions, thereby making it necessary to 
have only one type of plate. The plates are so 
arranged on the trench that no two adjacent open- 
ings will permit of connecting to the same bus, Con- 
nection to the main bus is made through a piece 
of 4” x4” copper bus clamped to the main bus, in 
such a manner as to make contact with the two 
contact pieces on the plug, as shown by Fig. 7. 
The control circuits are carried in the same trench 
and provided with contacts to engage the fingers on 
the plug. To date all of this home-made equip- 
ment has proved safe and low in maintenance cost. 


INGOTS 


The standard Monel and Nickel ingots are known 
as 13”x 13” ingot, being cast in a mold 14” x 14” at 
top and 11%x 11” at the bottom. The mold is 5 feet 
long and has a taper of 1 inch in five feet As stated 
before, up to this year all ingots were cast with a 
head measuring about 18” long, the head being re 
moved with a saw. The average sawing time was 














FIG. 7 


about 20 minutes. The ingots produced when using 
the electrically heated hot top have a head aver- 
aging about 3 inches long, which is not sawed off. 
An ingot with the 3” head weighs 3,250 Ibs. 


From Fig. 2 it will be noted that the mold base 


sets on 100 Ib. rails. The mold sets on the base with 
an asbestos joint between base and mold. The hot 


top sets on the mold with an asbestos joint  be- 
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tween it and the mold.’ Under the new method the 
hot top has been shortened from 18 to 10 inches. 
The new hot top is lined with a refractory. This 
refractory lining is made up of 6” of No. 68 Wiggton 
arch brick. The other 4 inches is made up from 
ground fire brick and fire clay. Mortar for arch 
brick joints is made of chrome patch. The arch 
brick lining has a taper of 344”, being smaller at the 
top than at the bottom, to permit removing the top 
without injuring the lining. The life of thé refrac- 
tory lining is about 8 heats. 

The cover shown in Fig. 8 is made of ground 
chrome brick, fire clay and silica of soda as a binder 
and is supported in a light angle iron frame. A 
hole is provided in the cover just large enough for 
the electrode to pass through. 

The hot metal is poured into the mold until _ it 
stands six inches in the hot top. This accounts for 
hot top being lined with six inches of arch brick. 
The cover is placed on the hot top and metal is al- 
lowed to stand from two to six minutes, allowing 
the metal to cool to a temperature of about 2600°F 
During this time a light skull has been formed. The 
ingot is now ready for the electric arc. ‘The reason 
for allowing a variation in time of two to six min- 
utes is due to the different temperatures, at which 
the metal is poured. The operators soon learn to 
judge the temperature by sight. 

The electrode truck, having been put in place and 
connected to one phase of the bus system, the elec- 











FIG. 8 


trode is run down by hand control until the are is 
established after which it is put on automatic con- 
trol. The adjusting rheostat is set for 3000 amperes. 
The arc, which is about 1 inch long, immediately 
burns through the light skull.and begins to reheat 
the metal to a depth of about 3” around the sides, 


but much deeper in the center. Sometimes, in pour- 
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ing, there is a leak at joint between mold and hot 
top. If the arc is properly handled this leak is not 
re-opened. However, there are cases when the leak 
is opened by getting metal around sides too hot. Just 
how deep the arc penetrates the center is not known, 
probably 18” or more. For nearly one minute there is 
considerable surging, but the arc gradually becomes 
settled, as a bath is formed under a slag produced 














FIG. 9 


by the addition of 1 to 1% pounds of ground glass 
introduced through opening around electrode. 

After the arc has been on from 1% to 24% min- 
utes at 3000 amperes, the current is reduced to 306 
or 400 amperes. At this current setting the arc 
burns very steadily for 24% to 3% minutes. Dur- 
ing this interval it is desired to keep the slag and 
refractory just hot enough to force the ingot to cool 
from the bottom. The slag is about one inch thick 
and the arc at 300 amperes is about 4 inches long. 

The voltage from phase to neutral, with 3000 
amperes flowing and only one electrode in use is 
approximately 100 volts. With two or more elec- 
trodes in service the voltage from phase to neutral is 
approximately 95 volts, but from electrode to elec- 
trode approximately 165 volts. 

The fact that the arc is left on all ingots about 
the same length of time makes the operation much 
simpler than if different times were used for each 
ingot. Practically all of this work is done by the 
regular refinery floor crew. The maintenance elec- 
trician is unusually present in case of electrical 
troubles. There has been very little delay or loss 
from electrical breakdowns 

After the arc has been on for a total of 4 to 5 
minutes the electrode is withdrawn, the hole in hot- 
top cover is closed and the electrode truck moved to 
another ingot. The closing of hole in hot-top cover 
is very important, as every effort is made to hold 
the heat in the hot top. 

Very little experimenting has been done with 
different sizes of electrodes. A 3-inch graphite elec- 
trode is used, this size being carried in stock for a 
half-ton furnace. 
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ot The equipment was designed for this size of elec- As to the cost of operating the hot-top equip- 
ot trode. Some tests have been made with carbon ment, no additional help is required. The average 
ak electrodes, but they did not stand up under the rapid power consumption per ingot is 134% KWHR. The 
ist change of temperature. In starting off they would average cost ot hot-top is 41 cents per ingot and 
n, break. The electrode consumption is small, about the eléctrode consumption is about 4% cents per 
1S 4” per heat. ingot. 
ce Some heats have been made with a double elec- Fig. 11 shows four molds with ingots, which have 
ed trode, as shown in Fig. 9. With a double electrode been poured with the old style hot-top and five 
an attempt has been made to get longer life from with the new style hot-top. — 
the hot-top refractory and a shorter head on the ‘ 
ingot. 
The disadvantages of the double electrode arc 
are that the equipment is more complicated, costs 
more to maintain and requires more time, as the are 
is applied indirectly. 
The results obtained by the use of the electric 
arc on the ingot head have been very satisfactory, in 
that 85% of the ingots to which the arc is applied 
FIG. 11 
There are a few points which might be cleared 
up in the conclusion of this paper. One is that there 
ss is no sticking of the ingot in the mold, due to the 
mold and hot metal being used as a conductor. So 
n- far, it has not been possible to produce a solid ingot 
Nt without a head made in a hot-top: It is desirable 
re to produce an ingot without a head and it may be 
ir- 
id 
ol 
ck 
D0 
is 
Co 
is 
c- 
ut 
+h 
oe FIG 10 
ne 
C there are no pipes. With further experience, it is to 
al be expected that the percentage of good ingots will 
sa be increased. The successful results to be obtained 
are largely dependent upon the judgment of the men FIG. 12. 
5 who operate the trucks and the setting up of the 
it - molds. accomplished after further experimentation. The 
to Fig. 9 gives some idea of the soundness of the matter of segregation has not proved a serious one 
er metal in the ingot head, when poured under the new in the use of the electric arc on nickel and Monel 
Id and old methods, the ingot on the bottom being ingots. ‘The two major elements of Monel metal, 
poured with the long head. Fig. 10 shows very nickel and copper, are completely miscible with each 
th plainly the saving in metal, which results in an in- other in all proportions, and form a single series 
c crease of production of at least 20%. of solid solutions. The two minor elements, iron 
a Sawing is eliminated, as well as the handling of and manganese, are not present in excess of four 
heavy scrap heads back to the furnaces. or five per cent. These small amounts dissolve 
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completely in the nickel and copper, thus forming a 
quaternary solid solution alloy. Consequently, seg- 
regation is practically unknown in the refining of 
Monel metal: If any should occur it would be ex- 
pected that the new hot-top method would tend to 
eliminate rather than exaggerate the difficulty. 


DISCUSSION 


C. S. Proudfoot*: Mr. Watson has brought up 
some interesting questions, and especially keeping a 
hot top hot by the method of a.c. current 

Away back in the early 90’s, the Homestead Steel 
Works tried out this method by the use of D.C. cur- 
rent in a steel ingot, and this experiment was car- 
ried out by one of our foremost metallurgists, Dr. 
John Unger. 

John A. Seede+: When I suggested to George 
Schaeffer, Chairman of the Furnace Committee, at 
the Philadelphia meeting, that it might be a good 
idea to have Frank Watson deliver a paper on this 
subject. I hardly expected the outcome would be 
such a quick and thorough response as we have had 
this afternoon. I know I am voicing the sentiments of 
all present that we are privileged to listen to a first- 
hand account of such pioneer work. When Mr. 
Watson obtains the equivalent of five ingots where 
only four were made previously, with the expendi- 
ture of a very small amount of electricity and elec- 
trode material, he is doing something revolutionary. 

There is not very much for me to discuss, I am 
not a metallurgist, but I am very glad to listen to 
this paper today and hope this is only the beginning 
in applications of this kind of heating in what should 
represent a much larger saving, steel ingots, and 
from the work that Mr. Watson has done, I am sure 
it would encourage those interested to go to Hunt- 
ington and then start off with fresh courage to solve 
these important problems. 

E. S. Jefferies$: In 1915, at the Hamilton Works, 
of the Steel Company of Canada, we experimented 
for a few days trying to overcome piping by the use 
of a D.C. are. These tests were discontinued for 
two reasons: Insufficient power and pressure of war 
work. 

The hot top ingots so treated, after being split, 
indicated that we were sealing the top over, leaving 
a pocket about one-fourth way down. 

[ would like: to ask Mr. Watson, approximately 
the cost of this installation and the approximate cost 
of each truck of the automatic type? 

F. C. Watson: otal cost of installation for trans- 
former, switchboard and six trucks is about $15,000. 
The trucks themselves cost about $800. 

Geo. H. Schaeffer$: We are very much interested 
in electrical heating. This application was entirely 
new to us, and it is surprising to hear the comments 
of our chairman when he says the thing was tried 
about thirty years ago. Thinking over the matter 
it seems to me that it is a very good application 
of electrical heating to a special job. I think we 





*Genl. Mer., U. S. Ferro-Alloys Corp., Niagara Falls, 
ae 2 

fElec. Engr., Electric Furnace and Welding Dept., Gen- 
eral Electric Co., Schenectady, N. Y>s 

tElec. Engr., Steel Co. of Canada, Ltd., Hamilton, Ont., 
Canada. 
§Elec. Engineer, The Carpenter Steel Co., Reading, Pa. 





February, 1926 


should consider just what the job is and make note 
that it is monel or nickel. Nickel and monel have 
very good heat conductivity, and that in itself would 
make the application effective; more effective than if 
we had steel. Possibly the piping in monel, on 
account of that fact, would not extend as far into 
the ingot as it would with steel. Mr. Jefferies stated 
that he could not get down to the pipe by heating 
and it is a question whether any application would 
enable us to get down to the very bottom of the 
pipe. 

Another question as to the economy of the appli- 
cation. Monel, in price per pound, is very much 
greater than ordinary steel in the raw ingot. We 
can probably afford to cut off 10 or 15 per cent of 
the ingot, and do it cheaper than applying electric 
heat. Mr. Seede made the remark: “It seems like 
we are getting something from nothing.” It is true, 
afew K.\W. applied is inexpensive, however the instal- 
lation costs quite a little money, and the upkeep of 
the apparatus, trucks and transformers would add 
considerable to the overhead. I believe, also, the 
labor charge to be considerable, and this item is 
sometimes overlooked. In applying this scheme to 
the steel ingot, especially special steel, tool steel, 
steels made on special specifications, we would un- 
doubtedly run up segregation that might cause us a 
lot of trouble. 

F. D. Egan*: On second thought I might say a 
few words. I am not a metallurgist in any sense of 
the word and would refer my discussion to the 
equipment outlined for carrying on the test referred 
to in the paper. If you figure these trucks at $800 
each and transformers at $10,000, you have an ex- 
penditure of from $40,000 to $50,000 and this amount 
of money at 15 per cent will give you fixed charges 
of from $6,000 to $7,500 annually. Practice has 
shown that the use of hot tops have resulted in an 
improved ingot, the biggest gain is obtained when 
the hot top is used on an ingot when casting with 
the big end up. 

In a_ steel plant that is producing commercial 
steel, where you are working with 100-ton heats 
from a number of furnaces, it would be uneconomical 
and impossible to use the system outlined by the 
writer. The biggest gain in connection with hot 
tops is obtained when the ingots are cast with the 
big end up, yet it is impossible to use this practice 
in a commercial steel plant. The steel makers to- 
day are working for means of reducing the cost of 
the hot top and | am sure that in the commercial 
steel plant that the metallurgical department would 
hesitate in using this system, as it increases the cost 
of the hot top as well as adding a power bill to the 
cost of the ingots. 


R. B. Gerhardtt: I have nothing to say which is 
very illuminating. The only thing I have in mind 
are some questions. I would like to ask Mr. Wat- 
son whether all production from his plant is handled 
in this way? 

F. C. Watson: No, it is not, but it can be. We 
have hot top for practically all monel ingots. All 
nickel ingots are not, for other reasons than hot top. 

R. B. Gerhardt: Your development represents 
what period of time? 
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F. C. Watson: Nine months. We have had as 
good results with nickel as monel; but we have been 
making most nickel with old style hot top. 

R. B. Gerhardt: This proposition looks very in- 
teresting, but | am somewhat doubtful as to whether 
it can be made practicable tor a large tonnage plant 
on ordinary commercial run of steel. For the spe- 
cial steels | believe it deserves careful consideration. 
It would be interesting to have some of our open- 
hearth men discuss this problem from a metallurgical 
standpoint, and | regret very much tat there are 
not more of them here to enter into this discussion. 


L. Quigg*: I do not know a thing about the nickel 
end of it, but there are certainly places for a limited 
expenditure for experiment to increase the yield and 
quality of steels, particularly high-grade special 
steels, and the operation at International Nickel 
should be given more than a thought by the makers 
of alloy steels. ‘The difference between 6 per cent 
hot top and 20 per cent hot top is well worth saving. 
In considering the open hearth or the metallurgy of 
steel, there is more than the contraction or piping 
which takes place in both nickel and steel to take 
care of. The problem of soluble gases in the steel 
might directly affect the successtul use of the are. 
The steel having a greater opportunity for absorbing 
the gases that are pertinent to the operation in the 
manufacture. The operation being one of both oxi- 
dizing and reducing, the steel cannot but help con- 
tain a considerable quantity of gas. A Frenchman 
has estimated the volume of gas is equivalent to 
twice the volume of steel. When considering purely 
a melting proposition there are no elements in the 
nickel that would form a gas in the operation itself 
other than the gas absorbed from the atmosphere 
of the furnace. That brings about a condition in 
commercial steel that may make it a different prob- 
lem. As Mr. Jefferies has stated, he only welded 
over the pipe. He probably filled part of that pipe 
but owing to the rising gas pressure was unable to 
completely fill the cavity. Have you split these in- 
gots to determine their internal condition, and were 
you satisfied that your original sink head was not 
too large? 

F. C. Watson: We sawed through right off be- 
low the pipe to get down to sound metal. Below 
that no pipe. They made the head that long. If 
the pipe had been that long the head would have 
been made that long. 

The ingot weighs 3200 pounds; cut off 200 
pounds. We made some and cut more off 
They run from 150 to 200 pounds of metal. We 
were experimenting in the beginning with dif- 
ferent voltages and naturally we did not have 
it right and would have a short pipe and would have 
to cut off over 150 to 200 pounds to get down to 
solid metal; but now the metal is solid clear to the 
top. 

L. Quigg: Every commercial steel or tonnage 
plant knows there is little time to experiment with 
hot tops. It would be interesting if anyone here 
making special alloy steels in electric furnace or 
small open hearth plant of 300 or 400 tons of steel 
a day would eventually try this out. I agree with 
Mr. Hall that sink. head practice could be resorted 
to to eliminate difficulties of peak conditions that 
exist in the pouring of the steel, which later caused 
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defects in the steel; but | still come back to de- 
fend Mr. Egan that a commercial plant as_ con- 
structed today, turning out from 2,000 to 3,000 tons 
of steel in every 24-hour period, hasn't any time to 
fool along the line of hot tops, inverted ingots, or 
even experiment with them without curtailing oper- 
ation. But I do think the steel industry as a whole 
wants a development along some line to increase the 
yield from the ingot, and I know we all very much 
appreciate Mr. Watson’s paper 

C. S. Proudfoot: One question that has not been 
explained; how the deposits from the carbon on the 
electrode affect the steel. 

F. C. Watson: We do not find-that there is any 
carbon deposit and we are particularly pleased of this 
fact. During most of the preliminary tests, the tops 
were cut off and sawed in two and then put through 
the regular tests in the laboratory. We find only a 
quarter of an inch of the electrode burned off in 
the heating of one of these hot tops. This is really 
an estimate; | suppose the proper way would be to 
weigi the electrode before and after heating the 
ingot top. 

At the convention in Philadelphia, | was asked 
to say something about this, and | said we were 
using carbon electrode. I would like to correct this 
statement, because we have been using graphite elec- 
trodes. We tried the carbon electrodes, but did not 
want to go to the trouble of preheating. The car- 
bon electrode would break while cooling, after the 
arc had been broken. That might have been due to 
not having the right type of carbon electrode. 1 do 
not want to cast any discredit on the carbon elec- 
trode, because we might not have had the right one; 
but we did take up the graphite electrode and used 
it without any trouble ‘The heating and cooling does 
not cause any breakage. So far as any deposit of 
carbon is concerned, | do not think it amounts to 
anything, and if there is a slight deposit it will 
probably be in the head, which is finally cropped off. 

C. J. Rodman*: | am glad the question of elec- 
trode composition came up. There is an important 
difference in chemical composition of electrodes, as 
well as advantages gained by physical structure. 

Relative to the absorption of gases, as well as 
questions on segregation and grain size, there is a 
distinct difference in the metallurgy of iron and 
steel. I would like to draw your attention to the 
fact that elimination of gases is not entirely a physi- 
cal phenomenon. Carbon dioxide enters into chem 
ical combination with iron forming carbonyls, which 
are unstable as the iron cools, giving up CO, which 
may cause poor and defective ingots, The matter 
of grain flow is highly technical and should require 
further research. 

The speaker has not mentioned that promising 
question of inductive heating, to eliminate defec- 
tive ingot tops. I would Like to know what is be- 
ing done on inductive heating in this connection, 

Dave Hays{: About fifteen years ago we tried 
these electric hot tops. We had 6” electrode worked 
up like this, but used no hot top. We lowered elec- 
trode down into the mold and we poured six ingots 
alternately, using electrode on three and not on the 
others, and then split those to see the difference in 
piping. The depth was about the same, but the 
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shape was different. As I remember it, the shape of 
the pipe in the one we kept hot was like a wine glass, 
a little cavity, long stem and big cavity. The other 
was regular pipe, rather diamond-shaped affair. 
Volume was pretty nearly the same. We found 
the segregation runs higher in the top half of the 
ingot. Where we had .040 sulphur on ladle analysis 
we would get as high as .120 at the center. The 
same is true for manganese, phosphorus and the 
rest of the metal. We did not use hot top and that 
would make a big difference. 


Another thing is that a great many customers 
insist on so much discard, so that would have to 
be rejected to the discard. That was plain carbon 
steel about :20. We tried some chrome and vanad- 
ium with results practicaily the same. 


Segregation in the electrical hot top was higher 
than in the other top. 


E, S. Jefferies: Will any hot top method pre- 
vent segregation. If you go into the electric method, 
I question whether it will help segregation. As I 
recall, it increased our segregation. 

_ L. Quigg: The matter of segregation in going 
back into the metallurgy and chemistry of steel is 
not hard to understand. Owing to the weights of 
the lighter elements they would naturally float with 
molten part of the ingot, that is, particularly the 
ones that cause most trouble, viz., carbon. Sulphur 
segregation is negligible. An aggregate mixture of 
steel from the furnace will average low in sulphur. 
Some plants are handicapped with sulphur. Some 
plants run under .025 in sulphur. So that segrega- 
tion of sulphur would not mean a whole lot; carbon 
being the principal one. Cause of segregation would 
be the thing to work on and that is the flowing of 
lighter elements towards the center. Only one way 
of preventing that and we have referred to it before 
and that is cooling rapidly. If it were possible to 
cool instantly there would be no segregation. The 
next best thing is cool as quickly as possible. The 
known method to do this is by incréasing the mold 
wall thickness; some may prefer a thicker bottom 
and narrow top. Personally, I believe in getting the 
thickest wall possible, based on price of your metal, 
and rapidly cool to hot top, and then if this elec- 
tric process would work out, keep that in molten 
condition to take care of pipe by filling same with 
molten metal. All the ingots we have split, prob- 
ably thousands of ingots, in the past 15 years, point 
to a more thorough control of temperature. Watch 
the initial temperature of the steel passing from the 
ladle into the mold, and the control of that temper- 
ature combined with the wall thickness of the mold, 
increasing the rapidity of the cooling and the use 
of a thoroughly dried refractory sink head _ will 
minimize the segregation. We use sink head 
to segregate in several high-grade steels. Work- 
ing on the theory that the depth of the seg- 
regate is directly proportional to the depth of the 
pipe, the pipe in a sink head extending not more 
than 15% of the vertical height of an ingot, whereas 
it may extend down 25% or more in an ordinary 
ingot. 

Geo. H. Schaeffer: I do not want to get into an 
argument with a metallurgist, because I do not 
think I am competent, but it seems to me the segre- 
gation takes place not in cooling, but in melting. 
Take an alloy steel containing chrome, nickel, pos- 
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sibly a little copper, if we have different melting 
temperatures to get we pour in a molten condition, 
and you will have these different elements melting 
at a different time. It seems to me segregation comes 
in melting and not cooling. 


L. Quigg: I partially agree with you. They all 
melt at different temperatures; therefore, they all 
freeze at different tempratures. But I am speaking 
of carbon steel. That is absolutely true of alloy 
steel; you can’t add nickel directly before tapping 
and expect to have it thoroughly dissolved and then 
frozen uniformly throughout. This so-called segre- 
gation of manganese, nickel, chrome and vanadium 
is more properly termed poor distribution. Not a 
segregate in the sense that one refers to carbon 
segregation. Better furnace practice will minimize 
the trouble from poor distribution of alloys. 


Geo. H. Schaeffer: In high-grade carbon steel, a 
shipment in which the carbon may be two or three 
points out is liable to be returned. That indicates 
how important it is in the specifications of the metal. 


L. Quigg: Metallurgists are employed by buyers 
today and it behooves the steel makers to take ad- 
vantage of anything to help them improve their 
product. 


J. F, Kelly: In hot-top steel, is it not possible to 
have segregation in the body of the ingot? How 
does the hot top prevent segregation? Doesn’t hot 
top prevent piping. It-has been known that split 
ingots had segregation in the solid part of the steel 
different from ingot analysis. 

L. Quigg: The segregate is related to the pipe. 
In the ordinary standard ingot your pipe extends 
down into the ingot, usually 30 per cent. Your seg- 
regate extends 10 or 15 per cent below that. It fol- 
lowed the pipe and also below the pipe; below the 
secondary pipe. If you raise the pipe you don’t 
prevent segregation. You bring it up in the ingot 
permitting you to get more yield out of the ingot. 
You maintain that relation in a hot top which raises 
the pipe. It don’t eliminate it, but brings it up 
nearer the top of the ingot. The distance between 
segregate and bottom of the ingot, in standard ingot, 
is probably 40 or 45 per cent of the ingot length. If 
you split ingots you know from the bottom to the 
segregate there is only about 40 or 45 per cent not 
showing segregate. In sink head steel this dis- 
tance is probably 60%. Therefore, the advantage of 
sink head is that it reduces the segregation in its 
vertical relation to the ingot. Bearing in mind that 
it is impossible to prevent some segregation, unless 
it were possible to cool the steel instantly. 


F. C. Watson: I would like to say this; that you 
may find your first trials are not very encouraging. 
We had that result, and after many trials began to 
get very discouraged, but the main trouble we found 
was that the operators did not watch closely what 
they were doing. My argument being, if they could 
make 10 good ingots they ought to make 500 or 
1,000, because it is practically the same operation. I 
could see no reason why they could not make all 
ingots perfect if given the necessary attention. 
However, we got a little discouraged in the begin- 
ning. I would like to say this idea was first sug- 
gested by our general manager, Mr. Shoffstall, who 
is a metallurgist, and he had the faith it could be 
done. We do not think that our operation is per- 
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fect, and there was a little hesitancy on our part to 
present this matter, as somebody might get the idea 
we thought we had the thing entirely perfected. We 
are satisfied with the results we have gotten, but 
think we can get better results. We are learning 
every day and would like to see it 100 per cent. We 
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believe more can be done with the electrically heated 
hot top. 

There is a whole lot more to be gained by scee- 
ing the process than by talking about it, and if any 
of you can get down to Huntington we would be 
glad to have you. 


Improvements at the Plant of the Carpenter 
Steel Company During the Last Decade 


By E. J. POOLE* 


A score and ten years of experiences in steel mill practices form one of the most interesting chapters that 
the Iron and Steel Engineer has been permitted to portray for some time. Mr. E. J. Poole, General Super- 
intendent, The Carpenter Steel Company, Reading, Penna., and one of the most successful steel producers in this 
country relates the developments that have occurred im his particular field, stressing the fact that electricity 
has been responsible for quite a number of the improvements and developments at The Carpenter Steel Com- 


pany as well as the Iron and Steel Industry. 


Mr. Poole’s article leaves no misunderstanding that electrification in the Steel industry will be complete im 
the course of ten years, since in The Carpenter Steel Company's plant alone the increase in the power and light 
requirements during the last ten years was just about 1,000%. 


KNOW that the paper is supposed to cover the 

subject of “improvements at the plant of The 

Carpenter Steel Company during the last decade” 
—but like most men who deliver papers of this kind, I 
have covered a much greater period; in fact, I pro- 
pose, with the help of some authorities, whom I 
shall quote and my own knowledge to make a quick 
survey of the period since the erection and oper- 
ation of the first central station in 1882. I have been 
lead to do this because of the fact that a short time 
back I had the extreme pleasure of listening to an 
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address by Mr. Charles Penrose, Asst. General 
Manager of Day & Zimmerman, Inc., which was 
delivered at a meeting of the Pennsylvania State 
Chamber of Commerce at Harrisburg. To me, this 
was a most interesting talk, possibly because of the 
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fact, that like some who are here tonight, I have 
seen and gone through the things of which Mr. 
Penrose writes, so, with your permission, I shall 
quote from Mr. Penrose’s address: 

“With a United States population of 50 millions, 
with Chester A. Arthur, of New York, in the White 
House, as our twenty-first President, and with Gov- 
ernor Hoyt presiding at Harrisburg over the des- 
tinies of Pennsylvania, 1882 was an era of 3-cent 
postage, of gas lighting, of cobblestones and horse- 
cars, of soap-box oratory and torchlight processions, 
of wax works and newspaper almanacs, of balloon 
ascensions and side-wheel excursion boats. 

“It appears to us, in retrospect, as an age of 
picturesque simplicity in everything save language 
and architecture. The Forty-seventh Congress was 
in session and every United States Senator got an 
allowance for stationery and newspapers of $125 per 
annum. The Union had admitted 38 states. Penn: 
sylvania was still in dispute over her boundaries 
The public lands were still being disposed of in 
homestead sites. Civil War pensions, stamp taxes 
and the reform of the coinage were in the public 
mind. The Greenback Party was still in evidence; 
had a State Governor—in the State of Maine. Timber 
still was being cut on an extensive scale in Penn- 
sylvania. Fourteen canals were yet in service within 
the state and canal boat traffic was something to 
write home about. 


Lace curtains at the front parlor windows, il- 
lumined fitfully by the flicker of the street gas lamp 
without, were symbolic of a domesticity in 1882 that 
knew not the electric light; the radio; hardly ever 
the talking machine; very rarely a telephone; but 
invariably a looking glass from floor to ceiling in the 
front hall, put there by tradition; and never an auto- 
mobile. The horse still was king. The genus chauf- 
feur was yet unborn; gasoline was a by-product; the 
garage, the chain grocery and the ‘Naborhood 
Store’ were yet to become controlling features in 
our suburban landscapes. All of this only in 1882.” 














92 IRON AND STEEL ENGINEER 


In addition to that which I have quoted verbatim 
above, Mr. Penrose gave some interesting facts 
gleaned from the Philadelphia Public Ledger in the 
year of 1882, at the end of which he calls attention 
to the fact that— 

“Not a steam turbo-generator was in operation. 
Not a kilowatt-hour of electrical energy was trans- 
mitted over the steel towers of the transmission lines 
of the future, to furnish the sinews of power to 
Pennsylvania industry. Not a horsepower of energy 
from Pennsylvania’s rivers was harnessed in that lit- 
tle-understood form of “wizardy.” 


“Electricity” 

Many of you younger men in the audience to- 
night may wonder why this particular part of Mr. 
Penrose’s address struck the writer as forcibly as it 
did. Well, I don’t blame you for that, but if you 
stop to consider the matter, you will realize that it 
was about the time he writes of, or even before— 
let us say about 1879—when Edison gave to the 
world the incandescent lamp, which was destined to 
be the forerunner of this tremendous power, in which 
you men here tonight are primarily interested. The 
writer was just beginning to take an interest in 
things, other than those connected with the nursery. 
At about this time the writer lived in a little place 
in New Jersey called Pompton, where, some 25 years 
before, one of the very early steel plants of the coun- 
try had been started. This was known as the Lud- 
lum Steel and Spring Co. The writer recalls very 
vividly the many times when he, dressed much the 
same as Huckleberry Finn or Tom Sawyer is pic- 
tured to us, stood at the portals of what to him, at 
that time, was a monster plant, and with both eyes 
and mouth wide open, watched this wonderful ma- 
chinery seemingly crush and form this hot material, 
in various ways. 

As stated above, this plant had been started some 
25 years previous to the time the writer is writing 
about, but I question. very much whether, in that pe- 
riod, there had been any changes or any material 
improvements in the plant as originally laid down. 
If memory serves me right, the rolling mills were 
still of the 2-high character and were being driven 
by water power. It is also my impression that most 
of the hammering was being done by the old style 
belt-driven tilt hammer, although I am under the 
impression that it was about this time that the first 
improvements were being installed, namely, a small, 
but what was considered at that time, a large boiler 
and one or more steam-operated hammers for the 
hammering of the steels manufactured by this com- 
pany. 

There are many things cennected with the oper- 
ation of this plant of which I could tell you—these, 
of course, have been told me by others—in the years 
that have followed, and I am sure they would prove 
of interest here tonight, but there is hardly time for 
this, therefore I must pass on, skipping the :mpres- 
sions that, as a youngster, I received during the 
time spent—after leaving Pompton—at the mines of 
the Cooper-Hewitt Co., at Sterling Lake, N. J. It 
may not be amiss, however, to say that this section 
of the country at that time was not the most de- 
sirable place in this most wonderful country of ours 
to live. In fact, my memory seems to recall hearing 
those older than myself, who were forced to live 
there at that time, calling it “the most God-forsaken 
place in the world.” 
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After this period of retirement from active con- 
tact with the world, my parents, fortunately for the 
wr.ter decided that we should move to Paterson, 
N. J., and there again I came in contact with the 
actual manufacturing of steel through the fact that 
many of my relatives were connected with the Pas- 
saic Rolling Mills, which, at that time, were doing 
considerable rolling of iron and steel for bridge, 
structural purposes—and again—though not at this 
‘ime—dressed like either Huckleberry Finn or Tom 
Sawyer, I stood amongst rolling-mill machinery and 
must confess, not without some fear, and watched 
what was to me—marvelous machinery perform the 
tasks that they had been built for. Of all the ma- 
chinery installed there, the thing that impressed me 
most was the “hot saw,” which was used in cutting 
off the ends or cutting to length the material, after 
the rolling operations; and it goes without saying, 
of course, that this saw was not driven with a motor, 
but by the usual methods of that time—‘a small 
steam engine.” 

Again, let me say that I might dwell for some 
time on describing this particular plant, but I must 
forego this and instead give you a brief description 
of the first plant in which the writer performed any 
of the many tasks to be found at steel works. This 
was the Spaulding & Jennings Works, Jersey City, 
N. J. This was during the early part of 1890. At 
that time, this plant was like many others through- 
out the country, deriving its entire motive power 
from steam-driven units which were _ scattered 
throughout the plant, in what seemed then to be the 
most convenient places, but in addition to these 
steam-driven units, we had at this plant, our full 
share of those implements of waste known then and 
still known as Pulleys, Hangers and Shafting. 

So far as I can recall the only electricity being 
developed or used in this plant was derived from a 
small generator driven from a main shaft with a 
belt, the size of this generator, I do not recall at 
this time, but you electrical men can judge for your- 
selves when I[ tell you it furnished the power for 
about & or 10 of the old style carbon are lights, much 
of the light required at the rolling-mills, hammers 
and in the cold rolling plant was furnished by the 
old-time coal-oil, cotton-wick torch light 

In passing, permit me to say that it was about 
this time that the first trolleys were used to re- 
place the old horse cars at Jersey City, and the 
writer remembers quite well the many times it was 
necessary for the passengers to get out to lighten 
the load, so that the cars might ascend the grade 
which was then and is probably still today, known 
as the Montgomery Street Hill. The writer is not 
quite clear in his mind as to whether this first tryout 
of the electric trolley was a storage battery or an 
overhead installation, but is inclined to believe that 
the first tryout was of the storage battery type. 
which was supplanted very shortly after by the feed 
wire trolley type of transportation. 

“The writer spent some 14 years at the Spalding 
& Jennings plant, and can recall with what great 
satisfaction his part in installing the first improve- 
ment in electrical energy. This installation being 
placed in operation in the early part of 1898 and 
consisting of a generator connected direct to a Ball 
& Wood engine. I believe this was about a 200 
KW engine. 

There were no other changes made at this plant 
until about 1902, when an addition to the plant was 
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erected in connection with which there was built 
what was then a modern industrial electric gener- 
ator. 

In 1904 the writer severed his connection with 
the Spalding & Jennings plant and came with The 
Carpenter Steel Company. Conditions at our works 
at Reading, so far as motive power was concerned, 
was much the same as I have briefly described as 
those that existed at the plant of the Spalding & 
Jennings Works. 

Our electrical generating equipment consisted of: 

40 HP motor-generator used for making power to 
drive two 24” gauge mine type locomotives for yard 
haulage, which was also belted to engine driven line 
shaft. 

3 HP AC motor driving shears at 8” mill. 

10 HP AC motor in No. 1 mill, driving draft 
fan for hammers and crucibles. 

The electricity which we required for lighting 
purposes being purchased from the Metropolitan Edi- 
son Company. 

In that part of my paper which follows I shall 
endeavor to give you, as clearly as I can, the condi- 
tion of our plant regarding motive power, both steam 
and electrical, in 1904, and the changes which. have 
been made during the last two decades. 

In 1904 we were generating steam in two sepa- 
rate boiler-houses, known as No. 1 and No. 2. No. 
1, being the original boiler-house and consisting of 
10—72” diam. x 18 ft. long Coatesville horizontal 
tubular type boilers, with a rated capacity of 150 
HP each. This was increased in 1906 by the addi- 
tion of two DeLaney boilers of the same general 
type and HP rating. This plant remained the same 
from the time of the addition of the two boilers 
just mentioned, until its dismantlement early in the 
year 1920. 

3oiler plant No. 2 consisted of 6 Bigelow-Man- 
ning vertical tube boilers containing 284—2™% diam. 
tubes—15 ft. long, with a rating of 250 HP each. 
This boiler-house also remained the same, except for 
some minor changes, until it was dismantled, along 
with boiler-house No. 1 early in 1920. 

From the foregoing, you will note that the only 
additions to our boiler capacity from 1904 until they 
were dismantled in 1920, was the two DeLaney 
boilers, erected in Boiler-House No. 1, and may I 
say right here that the purchase of these boilers was 
not occasioned by the fact that we needed additional 
boiler capacity, but was brought about because of 
the extremely bad condition that the boilers, as well 
as the engines around the plant, had been allowed to 
get into previous to the time that Mr. Phillips 
(Master Mechanic) and the writer became connected 
with the company. 

This, I think, was clearly shown by the fact that 
but a short time after they were installed, we found 
it quite easy to carry this load by using but eight 
of the return tubular type boilers and from three to 
four of the Manning boilers in the other boiler-house. 

While the steel trade was at this time beginning 
to realize the importance of carefully watching their 
power units (not near the attention was paid them 
as is the practice at the present time) some idea 
of the conditions that existed at our works (and this 
was by no means the only plant that similar condi- 
tions existed) can be gathered by the condition in 
which the writer found the engine driving our 16” 
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mill. Shortly after my arrival in Reading the roller 
on this mill complained that it was impossible for 
him to roll a bar on certain sizes of flats ionger than 
20 or 25 feet, where, if proper practice had been fol- 
lowed, this should have been rolled in lengths of at 
least 100 feet. 

After a few preliminary tests, the writer decided 
to tear down and re-assemble the engine connected 
with this mill. After reconditioning the valves, pis- 
tons, cross-heads, crank pins and other parts of this 
engine, we decided to line it up with the mill, and 
found that when a line was drawn parallel to it, the 
end of the mill was shown to be nearly 6” out of 
line with the engine diiving the mill. 

This is recited here simply to show yon how little 
attention was paid in many plants in that day to 
what, to my mind, is a very important part of our 
industry. There were many instances of this same 
kind during this particular period. 

To revert again to the boilers, let me say that 
the writer was not as familiar with their condition 
as was Mr. Phillips, but upon inquiring from him 
recently as to what their condition was in 1904, I re- 
ceived an answer in one word and believe that it 
clearly expressed the condition that we were con- 
fronted with. To those of you here tonight who 
know Mr. Phillips—it hardly seems necessary to say 
that that word was “rotten.” 


It might be of interest to say that at this time 
the connected load for which these boiler-houses fur- 
nished power in 1904 was estimated to be about 
3900 IHP and consisted of many small steam power- 
driven units stuck in out-of-the-way places through- 
out the plant. 

Our first work was to reduce as much as possible 
the losses occasioned by these small units and the 
tremendous amount of loss due to the many pulleys, 
hangers and shafting which we had throughout the 
plant. This, we did, and without burdening you as 
to how it was done, I am glad to say that in 1920, 
when the two boiler-plants under discussion were 
cismantled, we had reduced our connected HP load 
until it consisted of less than 3500 IHP. This, in 
spite of the fact that during the period under dis- 
cussion, we had increased our output more than three 
times. Of course, cur increased use of electricity 
accounted for our ability to reduce our steam-con- 
nected load and you will hear further concerning this 
when the question of the development of, our elec- 
trical energy is taken up later on. 

Had we been allowed to follow our own inclina- 
tions and plans we would have gradually replaced 
all of our steam-driven motive power units with 
electrical-driven motors, but due to the conditions 
arising during the war, we were forced, because of 
the fact that tie electrical energy was not avail- 
able, to start the designing and erection of a new 
boiler plant which, owing to the many delays en 
countered during the war, the signing of the Armi- 
stice and other things, was not ready for operation 
until the early part of 1920. 

This new plant was located on what is known 
as our West Shore property and the installed ca 
pacity is 2556 BHP in six 426-BHP units. These are 
water-tube boilers equipped with forced-draft stok- 
ers. The builders recommend operating these bcilers 
at twice the 2556-BHP rating, or at 5112 BHP, and 
the stokers are designed for 5112 continuous BHP. 
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Moreover, for peak-loads of one hour duration or 
less, the boilers and stokers are good for two and one- 
half times the 2556-BHP rating, or 6390 BHP. I 
understand this is usual modern power-plant prac- 
tice. The boilers deliver steam at an average of 
145-lb. gauge-pressure in the mill. 

On April 6, 1917, we had installed in our plant a 
total connected load of 3940 equivalent indicated 
horse-power in engines, hammers, picklers, etc. 

[ should like nothing better than to fully de- 
scribe this boiler plant, which is what might be 
termed—‘“a modern industrial power plant”—how- 
ever, time will not permit and | must pass on—but 
i cannot do so without mentioning a_ condition 
which we found, after we had installed and used 
for sometime (steam flow meters) in connection 
with the steam used by our various departments. 


Previous to the building of the power plant, we 
had apportioned our steam by what is usually called 
and I think very appropriately—‘the rule of thumb 
method”—in other words, some men or group of 
men estimate about the steam that each department 
was using per hour of operation and that particular 
department was charged accordingly, and you can, I 
am sure, appreciate our surprise when we found that 
after the new boiler-house was erected and the steam 
flow meter in use, it was found that we were actually 
using a little more than twice the amount of steam 
we were charging out. 

It naturally follows that when we got the cost 
per 1000 lb. of steam generated under the old con- 
ditions our costs were unusually high. For that rea- 
son, we can give no accurate comparisons of our 
steam cost under the old conditions as compared 
with the new. However, we are following very 
closely our costs on the generation of steam in our 
present boiler-plant and in that connection it might 
be of interest to you, gentlemen, were I to give you 
part of a report prepared for us by Freyn, Brassert 
& Co., of Chicago, III. 


Present Unit Cost of Steam 

“Exhibit A” is a derivation of the cost of steam 
per thousand pounds, generated at the West Shore 
boiler house. This is based on 14,500 b.t.u. coal at 
$5.00 per ton delivered—this cost being anticipated 
for the next few years. As coal has exceeded this 
cost in recent years, the derived cost of steam is 
somewhat less than indicated in your records. The 
fuel cost of this steam is based on a boiler efficiency 
of 68 per cent. This figure is indicated by past rec- 
ords of evaporation and coal consumption, and is 
substantiated by flue gas temperatures and observed 
waste gas analysis. A fuel cost of $0274 per thou- 
sand pounds of steam is indicated. Other operating 
expenses and charges as taken from cost records, 
amount to $0.201 per thousand pounds, giving a 
total cost of $0.475 per thousand pounds. This figure 
includes~*no fixed charges on boiler plant. 

This figure of $0.475 per thousand pounds repre- 
sents closely, in our opinion, the steam cost under 
the stated single turn 45 per cent operation condi- 
tions. If the output of the steam plant were re- 
duced by reduction of present uses, the savings inci- 
dent to such reduction would not amount to the full 
$0.475 per thousand pounds. Much of the general 
expense would remain largely intact. The savings 
would accrue through complete elimination of the 
fuel cost of the steam saving, plus a small portion 
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of the genera! cost. We have, therefore, placed a 
value of $0.30 per thousand pounds as representative 
of the saving accrued through reductions of stcam 
consumption so long as the present steam plant is 
maintained and operated. The balance of $0.175 per 
thousand pounds of steam saved goes to cover the 
higher unit cost of the remaining steam generated 
due to its lesser amount. Likewise, in the case of 
100 per cent operation, the steam generated, over 
and above that used for 45 per cent operation, will 
cost but $0.30 per thousand pounds. The resultant 
average unit cost for the larger quantity of steam 
venerated for 100 per cent operation then becomes 
$0.419 per thousand pounds. 

Before leaving this question of boilers and steam, 
let me say to you, Engineers, that the simple erec- 
tion of a boiler plant generating station, or the in- 
stallation of motors or engines does not mean that a 
saving is to be made. Whatever is built must be 
carefully handled by the men who are to operate it 
after ‘it is built, not only that—you must sell the 
importance of it to everyone connected with the 
works which it is to serve. 





Let me give you just a little illustration of what 
can be done when your operating end is working in 
close conjunction with your power men. 


In our wire department, we have a half dozen 
pickling vats. Owing to the nature of our work, it 
is necessary that these men start several hours be- 
fore the regular day turn, consequently the steam 
for these vats was being use’! freely trom that time 
until 2 or 3 o'clock in the afternoon, when these men 
completed their day’s work. For quite some time 
no attention was paid to the fact that these men 
had completed their work so early in the day, and 
the steam was allowed to flow as usual through the 
entire amount of pipe required to carry it to its place 
of use. 

Sometime back we decided we might save some 
money, if the steam was shut off at a point near 
the main lire, immediately after the men had com- 
pleted their day’s work and from actual records 
from our steam flow meters, we have found that the 
cost of steam used in doing this pickling work 
has dropped from an average of about $5.00 per ton 
to less than $2.50 per ton. 

This little illustration is given you to show the 
importance of following up and selling any improve- 
ment that may be put to the men who actually 
operate. 

This hasty review of our boiler and steam units 
has consumed much more time than the writer had 
anticipated, and I am sure that our electrical engi- 
neer—Mr. Schaeffer—is wondering when something 
definite is to be said with reterence to “Electricity” — 
so let’s pass on to that very interesting subject. 

As previously mentioned our electrical equipment 
at ihe beginning of the period under discussion was 
conspicuous by its absence. Inasmuclr as it will not 
take much of your time, I shall give the complete 
list, as follows: 
1905—Lighting—all- electrical—consisting of about 
23 arc lamps and 200 incandescent lamps. No 
extension lamps—oil torches used instead. 

30 HP AC motor driving two Pedric air-com- 
pressors—located in old machine shop. 

40 HP motor-generator used for making power 
to drive two 24”-gauge mine type locomotives 
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for yard haulage, which was also belted to 
engine driven line shaft. 

3 HP AC motor-driving shears at 8” mill. 

10 HP AC motor in No. 1 mill, driving draft 
fan for hammers and crucibles 

With this very modest beginning we started in 
1906 to replace the many small steam-driven units in 
our plant. The first installation was a 75 HP motor 
used in driving our polishing and tempcring depart- 
ments. This, to us, at that time, was considered a 
large motor. There were other motors installed dur- 
ing this year and the work was continued in the 
years that have followed. 

It is not the writer’s intention to tire you with 
needless details. For that reason we will make no 
mention of changes made during the years 1906 to 
1912. It might not be amiss, however, to mention 
that the changes during this per‘od consisted mostly 
in replacement of the small steam-driven units. 
However, the writer feels that he would be doing our 
good friend—George Schaeffer—an injustice were he 
to skip over the last 12 years in this same way. 
Will, therefore, ask your indulgence while we give 
in part, at least, some of the electrical changes that 
have been made at our works during the time men- 
tioned above. This list is as follows: 

Replacement of old type arc lamps by flaming 
arcs. 

Increased size of transformer-sub-station from 
150 KW to 400 KW—100 HP mictor for end of 10” 
mill. 

Replaced vertical engine in wire department— 
driving wire mill polishers and temperers, by indi- 
vidual drive and group drive. 

Installed 300 KW DC generator and distribution 
panel. 

Installed open-hearth with overhead 
traveling cranes. 

100 HP motor for bull block. 

206 KW synchronous motor for air compressor. 

Replaced engine located in old machine shop used 
to drive cold rolls in wire department by motors. 

Motorized inspection department and equipped 
with overhead electric traveling cranes. 

Increased capacity of power sub-station to 1000 
KW. 

Installed meter hoense. 

High tension changed from 2,200 to 13,200 volts 

Installed power distribution system. 

Motorized machine shop and blacksmith shop. 

Started first 6-ton Heroult farnace—February, 
1917. 

Started second 6-ton Heroult furnace, June. 1917. 

Installed 2,200-volt power equipment. 

Installed 600 HP mill drive—20” mill. 

Installed 200 KW motor generator. 

Installed “C” and “D” 6-ton Heroult furnaces. 

Installed additional overhead electric traveling 
cranes. 

Installed tower sub-station to take care of over: 
loads prevailing on the different distribution lines. 

Installed two 10-ton overhead electric traveling 
cranes in forge department. 

Installed two 206 HP motor-driven air compres- 
sors. 

Installed magnetic clutch on 10” aad 12” mills. 
Since 1923 we have not increased to any great extent 
our electrical equipment, our work being mostly 


electric 
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along the lines of bringing up to date that equip- 
ment which we had installed in the years past. 

It might be of interest to you, gentlemen, to 
know that from the three motors, with a rating of 
13 HP, which we had at work in 1905, we have in- 
creased our use of electrical energy, until today we 
have approximately 550 motors, with a motor HP of 
about 7500, in addition to which we have a furnace 
load of 6500 HP, or a total connected load of 14,- 
000 HP. 

Like most plants that have grown as has the 
Carpenter plant, our records of the years that have 
passed are not as complete as we would wish for, 
however, there are some that are, indeed, interesting 
and among them is one giving the amount of elec- 
trical power used in 1910, the first year for which 
we have records, upon which we would care to de- 
pend. The comparison of the year mentioned, with 
our peak year 1920, was most interesting to the 
writer and may be of some interest to you, gentle- 
men. 

This comparison was as follows: 

1910 1920 
BO” eee 10,000 K.W.H. 50,000 K.W.H 
PON n6odewee 14,000 K.W.H. vs. 2,350,000 K.WH.. 


24,000 K.W H. vs. 2,400,000 K.W.H. 


Your attention is called to the fact that during 
the 10 years which intervened between the first and 
last record just read to you the use of electrical 
energy by the Carpenter Steel Company increased 
parctically 100 times, and had it not been for condi- 
tions forced upon us by the World War, our in- 
crease would have been much greater than that 
which we have shown. 

Undoubtedly you have noted the fact that the 
writer has not, in any way, referred to the purely 
mechanical improvements that have been made at 
our plant during the period under discussion, nor 
gone into details with reference to the steam actu- 
ated units that have been retained by us, however, 
the writer would like to mention the fact that in 1913 
we installed, ] believe, what then was and I believe 
is stil) today—the only turbine driving a roll-‘ng mill. 
A paper describing this unit in detail was presented 
before the Western Engineer’s Society early in 1914. 
If there are any that might be interested in this in- 
stallation, they, | believe, can secure copies of this 
paper from the Society mentioned. 

Would also like to make the statement that wher- 
ever we have retained steam as the motive power, 
we have either put in new or rebuilt in their en- 
\irety, the engines used. 

The writer has been forced to refrain from going 
int~ detail in connection with these subjects in order 
to hold this paper within reasonable limits and thus 
avoid tiring you, gentlemen, more than was abso- 
lutely necessary; however, cither the writer or some 
one connected with our company will be glad to give 
anyone interested any information which they may 
desire in connection with any changes or improve- 
ments that we have made at our works here, at 
Reading. 

Now, gentlemen, the time comes when there must 
be an end to all things, and this paper is no ex- 
ception to that rule, therefore, let me, at this time, 
thank you for your patience in listening to this 
very sketchy paper presented to you tonight. 
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IS usually desired to roll a wide variety of fin- 
Such a mill, where the 
rolls may be changed frequently so as to turn out 


ie 
| ished shapes on a mill. 


different shapes, is commonly called a merchant mill 


It may roll angles, beams, channels, flats, rounds, 
squares, etc. Twenty inches is about the upper limit 
It may be seen that there is 
no line of demarkation between merchant mills and 
some of the other types of mills. On the other hand, 
there is quite an overlapping, and the designation 


of this class of mills. 


cannot be exact. 


The size of the merchant mill is the diameter of 
the finishing rolls, although the roughing rolls may 








“Typical Single Train Merchant Mill Driven by an Alternating-Current Adjustable Speed Set. 


FIG. 1. 


be larger. Of course, an independently driven rough- 
ing stand may be designated as a mill of whatever 
size the diameter of the rolls. The layout of a mer- 
chant mill depending upon its arrangement may be 
termed Belgian, combination, guide, loop, etc., to 
distinguish it from other mills of the same size or 
location. 

The merchant mill passed through the same his- 
torical stages of development typical of all rolling 
mills; starting with a single stand, two high, con- 
tinuous rotation, and hand manipulation of the steel; 
three high, to save handling; multiple stands, to in- 
crease tonnage by use of larger billets. The modern 
development of the single train mill is indicated in 
Fig. 1. The number of stands in the train may be 
more or less than that shown, but five is the usual 





Adjustable Speed \ Fim shing Train. 





AC /fofor Flywheels 
Ed] Roughing Stand 
Gear Unif 
Conshant Speed 
AC Sofor. 


~ Beigian Type of Merchant Mill 
FIG. 2. 


number for mills with finishing rolls of 8 in. to 12 
in. The stands may be called roughing, leading, oval 
or diamond, and finishing. 

_This type of mill requires quite a number of men 
to enter the steel between the rolls and catch it as it 
comes through, passing it from groove to groove and 
stand to stand. The metal must be in line with the 
groove it 1s to enter or delay will result. A certain 
amount of time consuming care is therefore required 
for hand mill operation; the relatively low mill speed 


_ 





*Elec. Engr., Jones & Laughlin Steel Corp., S. S Works 
Pittsburgh, Pa. 





Merchant Mills 


By D. W. BLAKESLEE* 


February, 1926 





required is only economical when rolling tool steel 
or other special product. To obtain greater output by 
higher speed of rolls, guides are provided before each 
groove. These guides are castings made with a tap 
ered opening, the smaller end being next the rolls 
and of about the shape of the section of the metal 
at that stage of the rolling. The guide is in two 
parts, so that adjustment may be made to compen- 
sate for wear. When they are used the mill may be 
termes a guide mill. 


With the change of product and the change of 
rolls, the speed usually must be changed. Roll 
speeds are limited by two things; suitable speed for 
entering the material between the rolls, and time for 
handling the metal. As the roughing stand requires 
a relatively low speed for the first reason, and as the 
limitation imposed by the second factor is of de- 
creasing importance, it is much more economical to 
drive the finishing train at a higner speed than the 
roughing stand. This arrangement is the so-called 





Continveus Reughing Stands 




















—Semi-Centinuous Type of Merchant Mill 


FIG. 3. 


Belgian mill. In the early mills of this type the 
roughing stand was driven by rope transmission by 
the engine connected to the finishing train. Elec- 
tricity provides a more flexible and economical ar- 
raneement by the use of two motors, as shown in 
Fig. 2. 

The next steps to increase the output of merchant 
mills were (1) to roll the piece in more than one fin- 
ishing stand at a time by looping the metal when it 
was rolled to sufficient length and section, and (2) 
to provide a number of roughing stands in series, 
each with but two rolls and to pass the material 
through them continuously When both of these ar- 
rangements are incorporated in one mill, it is known 
as a combination mill, as it is part continuous and 
part looping. Such a layout is shown in Fig. 3. An 
eight-inch mill of this type may be driven by one 
J250 h.p., and two 360 h.p. motors. 
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As intimated above a merchant mill may roll a 
product which, because of its shape or relatively 
large section, cannet be loaped. When this is the 
case, the minimum of labor may be employed by 
using what is commonly known as a cross-country 
mill. See Fig. 4. The stands are in series, as in the 
continuous mill, but they are relatively much further 
apart, so that a pivce is in but one stand at a time. 
Roller tables move the metal from one stand to the 
next. The stands need not be all in tandem, but 
may be arranged to suit local conditions. A modern, 
twelve-inch cress-country mill may be driven by two 
1500 h.p. adjustable speed sets of constant horse- 
power type. 

Merchant mill design requires speed adjustment 
of the rolls in all except roughing stands in Belgian 
and combination mills. The reduction in speed may 
be thirty to fifty per cent. In many cases, where the 
speed is reduced there is required a’ greater torque 
as the section of the metal being rolled is reduced 
much more at each pass. Fig. 5 shows a 400 h.p. duc. 
motor, designed for such service, in connection with 
a nine-inch merchant mill in the works of the United 
Alloy Corporation at Canton, Ohio. When but one 
direct current motor drives a mill, or it is driven 

















FIG. 4. 


by two motors which can have the same speed vari- 
ation on the lower part of the range, a cheap drive 
is obtained by using a synchronous motor-generator 
set; the motor speeds being reduced below the full 
field speeds by reducing the generator voltage by 
field control. This arrangement gives constant horse- 
power at and above full field speed of the motors 
and censtant torque below that point. The Driver 
Harris Co. have such a mill with this sort of drive: 
one 800 hp. motor has speeds of 350 to 709 r.p.m., 
and one 500 h.p.- motor has speeds of 390 to 600 
rpm. The speeds of these motors are reduced be- 
low 350 and 300 r.p.m., respectively, by reduction of 
the excitation of the generator. 

About 90 per cent of electrical merchant mill 
drive is by alternating current. Two kinds of a.c. 
drives are used; frequency converter set, and syn- 
chronous converter set. In Fig. 6 is shown the 590 
h.p. frequency converter, constant horse-power, ad- 
justable speed set driving a ten-inch monel metal 
mill in the works of the International Nickel Co., at 
Huntington, W. Va. A synchronous converter set 
of 3000 h.p., adjustable speed, constant horse-power, 
driving the twelve-inch mill of the United Alloy 


IRON AND STEEL ENGINEER 97 


Steel Corporation at Canton, Ohio, is shown in 
Fig. 7. 

In arrangements where peak loads are imposed 
upon the mill, flywheels are used to reduce the mo- 
mentary demand upon the power plant and to keep 
down the size of the motor required. When the mill 
speed is 100 r.p.m. or more, it is preferable to have 
the flywheel mounted on its own bearings, and run at 

















the mill speed. When the mill is driven by a 
higher speed motor through gearing, it is econom- 
ical to use wheels of small diameter on the pinion 
shaft of the gear unit which must be designed to 
handle the peak load of the mill. Regulation by 
slip resistance is employed for alternating current 
drives. For motors of 600 h.p., and above, the 
liquid slip regulator is recommended, and for those 
below 600 h.p., magnetic control with permanent 
slip resistance to give 10 and 15 per cent slip at full 
motor load. 

There are quite a number of factors which de- 
termine the size and type of the driving unit for a 
mill: 

1. Layout. 

2. Size of metal entering mill. 
3. Finished product. 

t- Number of passes. 

5. Cross-section of each pass. 

6. Speed of mill (per cent of time at each 
speed, if more than one), 

















FIG. 6. 


7. Size of rolls, 

8. Average tons per hour. 

9. Maximum tons per hour. 

10. Number of pieces in stands siinultaneously 
under maximum conditions, 

11. Methods of manipulation and transfer. 

12. Desired type of drive (direct connected, gear, 
rope, etc.) 
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3. Chemical content of metai. 

{. Temperature of metal. 

5. Energy available. 

From the above it may be seen that there are at 


l 
l 
l 


‘ 
. 


least 15 things which bear upon the amount of 


energy consumed by the mill drive, but the elongation 
is usually taken as an index. In Fig. 8 is shown the 
elongation and 


relationship between the rate of 











FIG. 7 


energy consumption for merchant mills. This is an 
average curve which was based upon tests made —n 
a number of merchant mills. To indicate further 
the effect of elongation, the results of tests on four 
merchant mills are shown in Fig. 9. The 8 in. mill 
takes 2% in. x 2% in. billets and rolls them into fur- 
nace bands. The 9 in. mill takes 6 in. x3 in. x 22 to 
30 in. and reduces to % in. or 1% in. rounds or 
squates; also takes 3% in x 4% in. x 22 to 26 in. and 
rolls to ‘g in.x % in. or 1% in.x1% in. flats. The 
10 in. mill starts with 6 in. x 3 in. x 22, 70, 30 in. and 
finishes 3% in. or 1-13/16 ir. rounds or squares, or 2 
in. x 9/32 in. or 4 in.x &% in. springs, or 1 in.x1¥% 
in. or 24% in.x 1% in. flats The 20 in. mill rolls bil- 
lets 8 in. x 6 in. x 22 to 62 in. down to 1% in. or 5 in. 





FIG. 8. 


rounds or squares; it may start with 3% in.x8 in. 
x 24 to 30 in. and finish 2 in. x % in. or 6 in. x2 in. 
fats. 

Although no auxiliary drives are used in the mer- 
chant mill rolling process (except on the tables of 
the cross-country mills), considerable auxiliary equip- 
ment is used before and after the rolling. Most of 
the motors on this equipment are mill type direct 
current motors with reversing controllers. Standard 
industrial type motors are used on shears and saws; 
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when alternating current is available standard squirrel 
cage induction motors are used on shears. To give 
a general idea of the auxiliary drives the following 
lists are given for two mills: 


14 In. Merchant Mill 


Application No. Mot. H.P. Winding R.P.M. 
Furnace charging tables ---- 2 20 Cpd. 600 
Furnace charging conv.------ 2 20 Cpd. 650 
Furnace cross pushers_------ 2 30 Ser. 525 
Conv. furnace to mill-------- 1 30 Cpd. 550 
Connecting tables -—~.---.-~.- 3 20 Cpd. 650 
a at oS "| eee + 60 Ser. 475 
BS ee eee ee | 40 Cpd. 600 
OB RS ER SESE Cs 1 6 Cpd. 725 
pot semoet roms ..-.....- 1 100 Sh. 400/800 
EES ee 1 25 Cpd. 600 
I cctusiniberchiiniennuiie ste itingiet 2 12 Cpd. 7#) 
a SOW en. Selene 4 12 Cpd. 710 





RE IN fig Lo ce nasinieines 4 30 Cpd. 550 
ie | eee abe 4 30 Cpd. 550 
BE orp eetpan wegen 2 20 Cpd. 750 
Shear table kick-off--------- 2 10 Sh. 600 
12 In, Merchant ‘Mill 
Furnace pushers --~-.-~.~-.-- 2 20 Ser. 600 
Furnace blowers ------------ 2 35 Sh. 500/1500 
Conv. furnace to mill_.------ 1 30 Cpd. 550 
ES EE Ee 1 20 Sh. 750 
Roughing mill conv. tables_. 3 20 Cpd. 650 
Rev. “Y” transfer tables_----- 4 60 Ser. 475 
TG SN ose cae wie ] 60 Sh. 500/1000 
Se aaa 2 60 Cpd. 725 
RE I Sica iarcdsctatnedhintemnakenialte + 30 Ser. 525 
Aseenmny tables... i......- 2 30 Ser. 525 
Rack and lift levers_...------ l 50 Cpd. 585 
ee ee ee + 80 Cpd. 480 
PE iticeirlitnssniieamanes 1 10 Sh. 600 
BN EE nc cline ctireensnain 2 20 Sh. 750 
Shear table kick-off___.--_-- 2 10 Sh. 600 
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In spite of the fact that a great number of old 12 
steam-driven mills have been electrified, and that all 12 
new mercuant mills are electrically driven, there still 12 
remain some mills with steam engines which will 12 
eventually be replaced by motor drive to obtain all 12 
the advantages procured by electrical operation. 12 
There is, perhaps, more to gain by motorizing a 12 
merchant mill than any other, because of the addi- 12 
tional advantage of flexibility of electrical control. 12 
12 
To indicate the sizes of motors, with their speeds, 12 
used by a great number of organizations on their 12 
merchant mills of the sizes commonly employed, the 12 
following list is presented: 12 
12 
Inch H.P. R.P.M. Volts Cyc. Drive User . 
8 200 500/300 2200 25 Direct Be hlehem Steel Co. 12 
8 300 865 2200 25 Direct Bethlehem Steel Co 12 
8 300 450 2200 = 60 Direct Llewellyn Iron Wks 12 
8 300 315/630 230 D.C. Direct Donner Steel Co». 12 
8 400 400/450 220 D.C. Direct Illinois Steel Co. 12 
8 450 354/230 2200 60 #£Direct¥ Bourne-Fuller Co 12 
8 500 435 440 60 Rope Carnegie Steel Co. 1? 
8 500 306 2200 25 Direct Bethlehem Steel Co. 12 
8 500 487 6600 = 25 Direct Minnesota Steel Co. 
8 500/330 730/485 2200 50 Gear So. Cal. I. & St. Co. 14 
8 500 292 4000 §=60 Direct Calumet Steel Co 14 
8 600 550/370 3000 50 Gear Tata I. & St. Co. 14 
8 600 469/281 2200 25 Direct Donner Steel Co 14 
8 700 364 2200 8 25 Direct Laclede Steel Co. 14 
8 800 367 2200 25 Direct Donner S eel Co. 14 
14 
9 300 500 2080 3825 Gear Halcomb Steel Co 14 
9 300/150 590/292 2200 60 Gear Cleveland Hdw. Co. 14 
9 300 500/300 2200 25 Direct Bethlehem Steel Co. 14 
9 350 200/300 250 D.C. Direct Nat Farm Mach Ltd. 14 
9 350 375/214 6600 25 Direct Bethlehem Steel Co. 14 
9 350 250/325 230 D.C. Direct Wayne Steel Co. 14 
9 400 200/300 230 D.C. Direct Un. Alloy Steel Co. 14 
9 400 485 440 25 Gear Hess Steel Corp. 14 
9 400/500 300/600 600 D.C. Gear Driver Harris Co. 
9 450/360 875/700 2200 60 Gear Nat. Lock Washer Co. 16 
9 500 327/200 440 60 Direct Un. Rolling Mills 16 
9 500 435 440 60 Belt Carnegie Steel Co. 16 
9 500 250/350 600 D.C. Direct Mo. RollingMills Co. 16 
9 600/400 375/210 2200 25 Direct Forged Steel Wheel 16 
9 600/200 321/107 440 25 Direct Halcomb Steel Co 16 
9 600 200/300 230 D.C. Direct Un. Alloy Steel Co 16 
9 650 293 2200 = 60 Rope Har. P. & P. B. Co. 16 
9 800 900/720 2200 60 Gear Knoxville Iron Co. 16 
9 800 320 440 60 selt Carnegie S‘eel Co. 16 
: 16 
10 $300 §=©©300/180 2200 25 Direct Bethlehem Steel Co li: 
10 450/360 870/695 2200 60 Gear Cleveland Hdw. Co. 16 
10 350 360/240 240 D.C. Direct Laclede Steel Co. 
10 350 220/360 230 D.C: Gear Chengtu E. L.&P. Co. 18 
10 350 240/480 230 D.C. Direct Laclede Steel Co. 18 
10 400 250/500 230 D.C. Direct Timken R. Brg. Co. 18 
10 450 730/490 4000 25 Gear Atlas Steel Corp. 18 
10 475/350 240/181 440 25 Direct K.C. Bolt & Nut Co. 18 
10 485/360 870/695 2200 60 Gear Old Dom. I. & N. Co. 18 
1 500 244 2200 25 Direct Bethlehem Steel Co. 18 
10 500 500/375 2200 25 Direct Donner Steel Co. 18 
10 500 435 440 60 Belt Carnegie Steel Co. 18 
10 3500 500 6000 50 Direct -~Cia Electro Metal 18 
10 500/400 775/485 550 40 Gear Cohoes Roll Mill Co. 18 
10 500/250 890/513 2200 60 Gear Hunter Cruc. St. Co. 
10 500 575/865 2200 60 #£Gear Intl. Nickel Co. 20 
10 -575 300/214 6600 25 Direct Bethlehem Steel Co. 20 
10 650 500 6600 25 Direct Illinois Steel Co. 20 
10 600 485 2200 25 Direct Laclede Steel Co. 20 
10 =600 365 6600 25 Direct Minnesota Steel Co. 20 
10 800 320 440 60 selt Carnegie Steel Co 20 
10 §50 214/187 6600 25 Rope Illinois Steel Co. 20 
10 1000 300 2200 = 25 Gear Halcomb Steel Co. 20 
10 1000 295 2200 = 60 Direct K.C. Bolt & Nut Co. 20 
10 1200 292 2200 25 Rope Laclede Steel Co. 20 
10 1300 214/187 6600 25 Gear Illinois Steel Co 
10 1500/1125 375/281 2200 25 Gear Donner Steel Co 21 
10 2000 163/113 6600 25 Direct Indiana Steel Cx oa 
500 = 888/540 6600 60 Direct ‘Tenn. C.L&R.R.Co 22 


550 =120/300 §=250 D.C. Direct Firth Sterling St. Co. 


ENGINEER 
300 720 
300 =187/112 
350 150/100 
400 600 
450 450 
500 320 
500 =150/225 

550/360 875/585 
600 214/93 
650 210 
700 = =.480/290 
800 739/365 
800 705 
800 = =730/485 
900 214/150 
1000 = 350/150 

1200 =150/250 

1200 485 

1300/900 214/140 

1500 360/240 

2250 450/300 

2090 113 

2500, 1670 240/160 

2500 §=113/91 

3000 = 505/300 
300 720 
400 585 
450 585 
650 184 

500/250 130/65 
700» =730/4°0 
700 187 
700 735 
800 450 

1000 590/450 

1200/1000 300/250 

3000 375 

3200 91 

4500 500/300 

4509 67/110 
500 500 
500 184 
500 88 
500 870 
550 880 
600 500 
600 585/325 
600 500 
800 214/167 
800 875/700 
800 100 
800 410/720 

1000 184 

3200 9] 
450 450 
500 500 
750 227 
800 440 
800 257 
800 94 

1000 250 
1500 94 

1500 =218/145 

2000 04 
600 500 
600 485 
600 390 
£00 892/623 

1000 450 

1000 518/800 

1100 = 294/205 

1200 368 

1200 590/407 

4000 147 

1400/945 600/405 
800 163 
800 730/365 
1800 250/125 


440 
2200 
6600 

440 
2080 
2200 

250 
2200 
6600 
6600 
2200 
2200 
2206 
2200 
2200 
2200 

230 
6400 
2200 
6600 
3000 

6600 
6300 
6600 


2200 


440 
4000 
2200 
6600 

440 
4000 
2200 
4000 
2200 
4000 
4400 
2200 
6600 
2200 

500 


6000 
2200 
6600 
2200 
2200 

440 

550 
2200 
6600 
2200 
6600 

230 
2200 


6600 
2080 
2300 
2200 
2200 
2200 
2200 
2200 
2200 
6600 
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Gear The Stanley Works 
Direct Bethlehem Steel Co. 
Direct Bethlehem Steel Co. 
Gear The Stanley Works 
Gear Columbia Steel Co. 
Gear B.& O. R. R. 
Direct Nat. Farm Mach. Co. 
Gear Nor. & West. R. R. 
Direct Bethlehem Steel Co 
Gear Indiana Steel Co 
Gear Syracuse Cruc. St. Co. 
Gear Columbia Steel Co. 
Gear McConway-Torley Co 
Gear S. vai. Ir. & St. Co 
Direct Algoma Steel Co 
Direct Central Steel Co 
Direct ‘imken R. Rear. Co 
Gear Am. Steel & W're Co. 
Direct Forg.S . Wheel Co 
Rop« Carnegie Stcel Co. 
Gear Tata Ir. & St. Co. 
Direct Indiana Steel Co 
Gear Un. Steel Co, Ltd 
Direct Indiana Steel Co. 
Gear Un. Alloy Steel Co 
Gear Union Rolling Miil 
Gear Calumet S cel Co 
Gear Columbia Steel Co. 
Direct Indiana Stcel Ce 
Direct Halcomb Steel Co 
Gear Atlas Steel Corp 
Direct Donner Steel Co. 
Gear Atlas Steel Corp 
Gear In 1. Nickel Co. 
Gear Calumet S eel Co. 
Direct Buffalo Bolt Co. 
Gear Donner Steel Co. 
Gear Indiana Stcel Co. 
Gear Inland Steel Co. 
Gear Ford Motor Co 
Gear Cia Electro Mach 
Direct Bethlehem Steel Co. 
Direct Bethichem Steel Co. 
Gear McConway-Torley Co 
Gear Danville Str. Tube Co 
Gear Buffalo Bolt Co 
Gear Cohoes Roll. Mill Co 
Gear Central Steel Co. 
Direct Bethlehem Steel Co. 
Gear K. C. Bolt & Nut Co. 
Direct Bethlchem Steel Co. 
Gear Timkea R. Bear. Co. 
Direct Bethlehem Steel Co 
Gear Indiana Steel Co 
Gear Columbia Steei (¢ 
Gear Halcomb Stcel Co. 
Gear Pacific Coast St. Co. 
Gear Canton Sheet St. Co. 
Gear Columbia Steel Co 
Direct Forged St. Wh. Co. 
Gear Canton Sheet St. Co. 
Direct Algoma Steel Co. 
Gear Carnegie Steel Co. 
Direct Forged St. Wh. Co. 
Gear Carpenter Steel Co. 
Gear Hess Steel Corp. 
Gear Stanley Steel Works 
Gear Hoosier Rolling Mill 
Gear Inter. Nickel Co. 
Gear Nat. Farm Mach Ltd. 
Rope Un. Alloy Steel Corp 
Gear _ S. Cal. Iron&Steel Co. 
Gear Hoosier Roll. Mill Co. 
Gear Illinois Steel Co. 
Gear Union Rolling Mills 
Rope Ontario Ir. & St. Co 
Gear Columbia Steel Co. 
Geat Bethlehem Steel Co. 
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Mill Type Coupling Design 


By GUSTAV FAST* 


HIS special adaptation of Fast’s Coupling, 
manufactured by Bartlett, Hayward Com- 


pany, Baltimore, Md., to auxiliary steel mill 


drives, marks a definite advance in design, resulting 


in quick and easy application. 
Figure 1 shows the two drop forged hubs of the 
new Fast Mill Type Coupling, ready to be con- 
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FIG. 1. 
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nected up. The design makes it possible to quickly 
change the motors on table rolls, conveyor drives, 
skew tables, door machines on heating furnaces and 
other auxiliary drives in mills. When the two sepa- 
rated units shown in Figure 1 are moved together 
(the motor moved up to the drive), the insertion 
and tightening of a few U. S. standard bolts com- 
pletes the installation. 














FIG. 1A. 


One hub of the coupling is made to fit the full 
length taper of the tapered shaft of an enclosed mill 
type motor. The mill motor shaft carries its own 
lock nut, so that the hub can quickly be removed. 
The center flange bolts are neither shrouded nor 
counter sunk, as in the standard Fast designs, but 
are in the open, easily reached by an ordinary 
wrench, For the large main mill drives (see Fig. 





Bartlett Hayward Co., Baltimore Md. 


*Chief Ener., 


1A), the Fast Couplings are made in cast steel 
with the center flange bolts unshrouded, so that the 
use of ordinary wrenches will disassemble the cou- 
pling. 

When Mr. Gustav Fast originally designed the 
Fast Coupling, he blazed a new trail in coupling 
design. As shown in Figures 2 and 3 the standard 
Fast design contains no flexible materials. Two gen- 
erated spur gears, one on each shaft end, are con- 
tinually and completely meshed with the generated 




















internal gears of a floating sleeve. Both offset an 
angular misalignment as well as lateral float are 
easily compensated for. The industry has been so 
accustomed to coupling practice, involving flexible 
materials, such as rubber, leather, fibre, laminated 
steel pins, grids or discs, that the unique Fast de- 
sign is often not understood. The exaggerated dia- 
gram (Figure 4) shows the simple Fast principle. 
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FIG. 4. 


This principle of allowing errors in alignment to 
be taken up between the spaces of gear teeth is cou- 
pled with the principle of oiling under centrifugal 
pressure. The entire case of the Fast Coupling is 
enclosed, and partially filled with oil. When run- 
ning, the oil under high centrifugal pressure is 
forced between the teeth, and an oil film becomes 
the load transmitting surface, as in a well designed 
bearing. 
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Engineers conversant with the mathematics of 


design will be interested in the following: 


When misaligned, the error between the gear 


faces is only a small fraction of the corresponding 
error of alignment between the shafts. 

Figure No. 5 shows two shafts that are parallel 
but out of line an amount E. The distance be- 













































































FIG. 5. 


tween the center of gear faces is L and the width 
of the gear faces is f. 
Triangles a, b, c and a, d, e are similar, therefore, 
de x ab 
bc:de = ab:ae, and bec = ——-— 
ae 
Call the resulting misalignment in gear face X, 
which is equal to 2 be 


now de=%4E 
ab= Ui 
6 = 36 L. 
be = % X 


then X = Exf 


The ratio f/L is usually made = 1/10 
Therefore X = 1/10 

In other words, the error of alignment between 
the gear faces has been reduced to ene-tenth the 
error in shaft alignment. 

Figure 6 shows a development of an exaggerated 
misalignment of the gear teeth. The function of 
the lubricant is easily seen. When the coupling re- 
volves, the oil is spread over the inner circumference 
of the casing, and the gear teeth are entirely sub- 
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merged in an oil bath under pressure due to cen- 
trifugal force. ‘Theoretically there is a load carry- 
ing contact at only two teeth, at # and 3 180° apart. 
Practically, however, there is almost uniform dis- 
tribution of pressure over the entire set of gear 
teeth, due to the oil film. 

Even under severe misalignment, the maximum 
opening between the gear teeth, which occurs at 
7 and 32 is only a few thousandths of an inch, and at 


7 and 2m it is exactly one-half of this. On calculat- 
ing the exact errors of openings between the teeth at 
any position, it is demonstrated that the areas of the 
openings is constant for all positions, and therefore 
the average error is a constant. 

\What happens to the oil? 


Laboratory experiments, with pressure up to 
6,000 pounds. per square inch, have demonstrated 
that it is impossible to squeeze out the oil film be- 
tween two surfaces. However, the thickness of the 
residual oil film is a function of the viscosity and 
the pressure. 

In Fast’s coupling, the oil, which, under centri- 
fugal pressure is ever present in the openings or 
crevices between all the teeth, distributes the load 
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pressure almost uniformly between each engaging 
pair of teeth. Furthermore, noting Figure 6, the 
almost imperceptible motion of teeth on teeth is a 
rocking action, continually cushioned by the lubri- 
cant. 

This lubricating principle having been demon- 
strated theoretically, experimentally and in actual 
practice, it is evident that the use of the proper 
lubricant for any coupling and service is all that is 
necessary to assure unlimited life of the coupling. 


Electric Heat in the Iron and Steel Industry 


By R. E. TALLEY* 


HE steel industry is not taking full advantage 
= ‘of the possibilities of electric heat. It will do 
well to look carefully into the proven devel- 
opments of the past few years. 
The manufacturer of electric heating equipment 
naturally directs his efforts along lines of least re- 


*Pres., Geo. J. Hagan Company, Pittsburgh, Pa 


sistance. Five to six years ago the electric furnace 
advocates were crying their wares to all lines of in- 
dustry with equal fervor. The automotive industry, 
with a littke more need and a little more daring, 
proved to be the more fertile field. This field, to- 
gether with other lines, such as vitreous enameling, 
which have gone along in lesser magnitude, has kept 
the electric furnace manufacturer busy. 











The time is not yet ripe to step out and com- 
pletely electrify the heating of the steel mills, but 
there are certain forms of electric heating which 
have been fully proven and found to be good. Full 
advantage should be taken of them. 

When men first began to dream of electric heat 
for industry, their gaze was inevitably drawn to 
steel. Unfortunately for industry, some of these 
early advocates attempted large installations before 
dependable electric heating equipment was avail- 
able to make their dreams come true. The result- 














FIG. 1. 


ing disasters created prejudices among steel men 
which it has taken years to erase. It is hard to 
convince the child who has had its fingers burned 
that one end of the poker is cold. 

These unfortunate incidents can now well be for- 
gotten. Even the type of furnaces offered by these 
early enthusiasts are now obsolete. In their stead 
there have come, by gradual process, other forms 
of electric furnaces which are giving results of the 
highest order. 

Perhaps the most promising large scale applica- 
tion of electric heat for the steel mill lies in sheet 
annealing. Popular interest seems to center on 
white annealing. This is undoubtedly due to a con- 
siderable extent, to claims that have been made by 
the uninformed that electric furnaces are inherently 
non-oxidizing. There is still considerable to be done 
to make electric white annealing practical from a 
cost standpoint, but black annealing is worthy of 
immediate consideration. 


There are two dig iten:s in electric heat for black 
annealing : 
1. Quality of heat. 
2. Elimination of covers. 


(Quality of heat is the more important. Never 
theless, it is practically impossible to obtain any al- 
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slowance for it When a steel man is found wlio 
will agree that it is worth a dollar per ton to have 
every pack annealed exactly the same from top to 
bottom and from sides to center, with no stickers 
and no burnt corners, then things will begin to 
move. 

Annealing covers are not required for electric 
black annealing in the usually accepted sense. This 
statement is not set forth as being all-embracing— 
some forn:s of sheets require as careful exclusion of 
air for black anneal as ordinary sheets require for 
white anneal. Likewise, in batch type box annealers, 
where the hot charge is withdrawn to cool in the 
air, no mysterious quality can be expected of elec- 
tric heat which will permit an uncovered charge ot 
hot sheets to be withdrawn and cooled in the air. 

The first commercial installation of an electric 
furnace for sheet annealing has now been in oper- 
ation something more than four years. As a meas- 
ure of safety this furnace was designed to permit 
the use of covers. After the first few heats the covers 
were permanently discarded. This furnace is of the 
car type and means are provided for covering the 
charge as soon as it is withdrawn from the furnace. 
Numerous other installations are now in operation 
and practical operating data are being gradually cb- 
tained. 

The ultimate success of zlectric sheet annealing 
will undoubtedly le in large continuous furnaces. 
Before this can be realized it will first be necessary 
to have actual operating data from smaller units t 
conclusively prove overall operating costs. Ample 
data are already availakle to proceed with the de- 
sign and construction of the furnaces themselves 
These data are based on actual operation extending 
over a period of years. It is now possible to pre- 

















FIG. 2. 


determine electric furnace characteristics with a great 
deal more accuracy than is possible with combustion 
furnaces. The points remaining to be determined 
have to do entirely with methols of operation and 
resultant overall economies. 

In none of the earlier installations was it pos- 
sible to show a favorable heating cost for electricity 
in comparison to coal or oil. The sales had to be 
made entirely on the basis of quality. It was very 
gratifying te find from these installations that not 
only were expectations as to quality fully realized, 
but the actual cost of operation was lower than with 
previous methods. 
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The regenerative car type wire annealing furnace 
illustrated was one of these early installations sold 
entirely on quality of heat. The wire was previous- 
ly annealed in coal-fired and producer gas furnaces, 
and the quality of anneal obtained was not wholly 
satisfactory for the severe cold working operations 
to.which the wire was later subjected. The electric 
furnace from the start gave quality and production 
in excess of guarantees. After a few months’ oper- 
ation a check-up on heating costs showed that elec- 
tric heat was costing less than either coal or pro- 
ducer gas. After three years’ operation, with still 
no appreciable maintenance charges against the elec- 
tric furnace, the overall heating costs were one-half 
as much as by previous methods. The furnace has 
now been in continuous operation for six years, and 
the maintenance for the entire period is less than 
one per cent. While this furnace has made a splendid 
record, it is not exceptional; many later installations 
are doing equally as well. 

The rotary furnaces illustrated, which are quite 
large as electric furnaces go, were sold with an 
assured production of 2,000 tons per month. They 
have been in operation two years and are regularly 
turning out more than 3,000 tons per month. In 
this case, the cost of electric energy is the same as 
the fuel cost of previous equipment. The saving in 
labor in favor of the electric heat amounts to $2.56 
per ton. The quality of product is a real economic 
item, but not readily translated to dollars and cents. 
These furnaces have been in operation only two 
years and the true overall economy is, therefore, 
not available. Thus far the saving seems to be an 
annual return of 80% on the investment, without 
giving credit to quality, improvement in working 
conditions and saving in floor space. 

It has quite naturally occurred to the reader that 
savings in labor can be made with combustion fur- 
naces as well as electric. To some extent this is 

















FIG. 3. 


true, but there are a number of inherent factors fa- 
voring the electric furnace in this respect. In the 
electric furnace all combustion problems are removed 
bodily to the generating station, together with dust, 
smoke and noise. The walls of the electric furnaces 
can be much more heavily insulated than is permis- 
sible with combustion equipment. The resultant im- 
provement in working conditions gives greatly im- 
proved labor efficiency; as high as 48% during sum- 
mer months. The fundamental principles involved in 
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the design of electric furnace equipment also permit 
of mechanical aids which are not possible with com- 
bustion equipment This difference is more clearly 
apparent when it is considered that an automatic 
electric furnace is essentially a machine with heat 
ing elements added, whereas an automatic combus- 
tion furnace must be a heat generating unit with 
mechanical appliances added. 


There is a practical way open for the steel mills 
to get at this problem. In practically all mills there 
is a heat-treating department for shop tools, dies and 
miscellaneous parts. Most mills also have numerous 
small furnaces which are used in the production of 
specialties. For work of this nature electric furnaces 
will, in general, show a saving in operating costs and 
at the same time give the mill engineers personal 
contact with results. 


A number of mills have already mede the start 
and it has been a revelation to many of the oper- 
ating men to find that electric furnaces will stand 
up under steel mill service. Applications of this na- 
ture can generally be made to replace antiquated 
shop maintenance furnaces, so that the saving in 
operating costs will be anywhere from 50 to 90%. 
Equipment installed for stuuy can, therefore, be 
made to pay a profit. 


There are in operation in this country at the 
present time, more than five hundred electric fur- 
naces of a size large enough to be classed as in- 
dustrial installations. This statement is in reference 
to furnaces operating at heat-treating and annealing 
temperature, and does not include laboratory and 
small tool room furna-es. Installations are increas- 
ing at a rate in excess of 30,000 K.W. per annum 
and the curve bends upward. 
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Application of Anti-Friction Bearings to 
Steel Mill Machinery 


By GEORGE R. HOLMES* 


VER twenty years of intensive research and 

development, coupled with experience in nu- 

merous industries, in many and varied fields, 
has demonstrated the worth of anti-friction bearings 
—ball and roller—and particularly so during recent 
years in their application to electrical and other 
equipment in the steel miils of foreign countries, and 
even more so in the United States, where our first 
industry produces nearly half of the world’s total of 
steel. 

The vital need of processes and equipment which 
will insure the highest efficiency and uninterrupted 
production if low cost operation and profits are to 
be maintained, is one of the chief reasons why auti- 
friction bearings—ball and roller—have found such 
wide favor in the steel industry. 

The innumerable machines’ used in carrying 
through from ingot to finished material—crushers 
blast furnaces, blowers, compressors, mixers, cupolas. 
ingot buggies, roughing tables, blooming mills. 
hoists, cranes, etc., dwarf in size the é¢quipment 
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FIG. 1. 


used in other industries. Each step in steel making 
1s dependent upon the preceding one, so that 4 
breakdown of any of these giant machines ties up 
production, causing expensive delays. “and huge 
monetary losses. 

Keeping these machines in operation twenty- 
four hours a day, if. necessary, without interrup- 
tion, has been the problem .to which anti-friction 
bearings have made an _ important contribution 
during recent years and even more in the past 
year through wide adoption for the steel mill 
motor—the heart of the present-day steel mill. The 
fact that the total consumed electrical horsepower 
of the steel mills of this country is nearly twice 
that of the next largest industry indicates very 
plainly what an important factor electrical equip- 
ment has become. 

Extensive research work is now being con- 
ducted in our Research Laboratories and in the 
field on the application of anti-friction bear- 
ings to rolls. From present indications, they will 
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be successfully applied within the near future and 
secure the advantages of such bearings to this im- 
portant location. 

Operating in a steamy or gassy atmosphere, 
with metal and carbon dust, around furnaces or 
on cranes which handle ladles of molten metal; 
exposed to comparatively high temperatures—all 
these factors are conducive to short life of motor 
bearings. The weakest point in the steel mill 
motor of today is in the bearings. This fact is 
well borne out by the demand of steel mills that 
bearings be capable of being changed as quickly 
as possible, so as to secure a minimum of loss in 
operations. : 

In the case of alternating current motors, over 
one-half or 53 per cent of all failures are directly 
attributable to bearings, either breakdown through 
mechanical failure or due to oil leakage from plain 
bearings. In the case of direct current motors, 
the percentage of failures is even more startling-- 
62 per cent! With properly designed anti-fric- 
tion bearings, it is possible to reduce, by a con- 
siderable percentage the motor failures in the 
steel mill. 

This fact is strikingly brought out in the re- 
port of a large steel mill which replaced plain 
bearing motors with those having ball bearings 
In many instances, plain-bearing motors, in per- 
fect condition, were replaced with  ball-learing 
motors at a cost of from $600 to $1,000 and money 
was saved, due to the entire absence of shut-downs. 


In the desire to prevent bearing failure an oiler 
may frequently flood the bearings and pour in with 
the oil a.certain amount of abrasive material, on 
which may be placed the blame for the greatest 
percentage’ of failures on both direct and _ alter- 
nating current motors operating steel mill ma- 
chinery. Lubricant reaches the commutators and 
windings, causing mica to deteriorate, shorts be- 
tween the bars or between the bars and end heads 
and in the windings. 

With ball and roller bearings there is no pos- 
sibility of this lubricant leakage. Ample oil seal 
chambers effectively prevent the escape of oil. 
Motors equipped with anti-friction bearings, there- 
fore, need fresh oil or grease but three or four 
times a year, and effective housing seals keep out 
abrasive. 

Friction is reduced to a minimum when ball 
and roller bearings are used on electric motors to 
drive steel mill machinery. This results in the 
practical elimination of wear and attendant trou- 
bles. Their tough, hard surfaces, accurately made 
to within ten-thousandth parts of an inch, allow 
true rolling motion of the balls or rollers. There 
is no shaft wear with anti-friction bearing-equipped 
motors. 

Anti-friction bearings make it possible to keep 
the rotor in its original position. There is no pos- 


, 








February, 1926 


sibility of the rotor dropping on the pole pieces, caus- 
ing burnouts. The original gaps are accurately main- 
tained and proper commutation is assured. 


An important factor in the proper life of bear- 
ings, whether of the plain or anti-friction type, is 
that they are accurately in line. On account of the 
construction of steel mill motors, it is difficult to 
bore the bearing seats so that accurate alignment 
is assured. This misalignment is evidenced by ex- 
cessive wear on the ends of the plain bearings and 
result in early failures. The limiting dimensions 
of a motor bearing make it almost impossible to 
care for these inaccuracies ef machining by any 
pivot or cradle devices in the frame or bearing 
housing—the properties of alignment must be within 
the bearing itself to insure satisfactory service. The 
self-aligning bearings with their inherent property 
of self-alignment. are, therefore, particularly adapted 
to the requirements of steel mill motors. 


Keeping the motors which drive numerous ma- 
chines in steel mills in tip-top condition, and on 
which the flow of work is largely dependent is, in 
any mill, a problem of no mean proportions. In 
fact, most mills have an elaborate schedule which 
covers all types of inspections—daily, weekly, fort- 
nightly, etc. And all this inspection and the at- 
tendant force necessary are highly essential when 
machines depend on motive power from plair-bear- 
ing motors. 

Failures come in spite of this vigilance, a fact 
which is well recognized when manufacturers of 
plain-bearing motors stress the need of carrying a 
full line of spare parts and motors for emergencies. 
Vibration of the gears on these huge machines 
pounds down plain bearings and shortens their use- 
ful life. 

In practically every steel mill a number of spare 
motors and parts must be kept on hand for emer- 
gency use, for the failure of a single part ties up 
production. Frequently, complete motors are held 
aS spares at important drives, ready to be dropped 
into place when the plain bearings fail. Because of 
their ruggedness, ability to withstand heavy shock 
loads, and absolute reliability, with ball or roller 
bearing-equipped motors, the number of spare parts 
may be greatly reduced. 

Little attention need be given the motors so 
equipped, since there is no wear nor necessity for 
constant lubrication. This enables one man to take 
care of a large number of motors, both as far as 
their maintenance and their repair are concerned. 


In fact, self-aligning roller bearings were in- 
stalled on the traveler motor of an open hearth load- 
ing crane and subjected to severe reversal condi- 
tions, together with heat and dirt. This motor has 
been in continuous operation for more than two 
vears, and in that time two plain-bearing motors, 
which are used for the same purpose, have failed 
nine times in one case and ten in the other because 
of bearing failure. The motor equipped with self- 
aligning roller bearings is lubricated every three 
months and only a teaspoonful of lubricant used. It 
was felt by the management that this application 
is the most severe to which roller bearings could be 
applied in a steel mill. 


In another instance, the electrical superintend- 
ent of one steel mill, having 3,000 motors in oper- 
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ation, found that it was necessary to change bear- 
ings on an average of 100 motors per month, at a 
cost of $20 per motor per month. Ball-bearing ver- 
tical gas-valve motors used in the same mill have 
been in service over ten years and the bearings have 
never been changed. 


In another mill it was necessary to change the 
plain bearings on motors driving shears once a 
month. <A changeover to ball bearings eliminated 
this trouble and constant maintenance. 

What ball bearings can contribute to the efficient 
operation of exhausters and blowers is amply borne 
out by the experience of one plant which — so 
e:uipped a huge duplex fan. Power consumption 
was reduced 14 per cent, lubricating costs reduced 
91 per cent, belt slippage eliminated, permitting use 
of a smaller pulley, total savings repaid cost of ball 
bearings in less than two months. The installation 
pays a return of 660 per cent annually on the in- 
vestment. 

These facts and actual figures of savings were 
secured for us through a survey made by an in- 
dependent firm of engineers and O.K.’d by an 
executive of the plant in which the survey was made. 

The superintendent of a large power plant states 
that the absolute reliability of ball bearings is one 
of their greatest advantages. Thirty-two motors, 
ranging in size from 5 to 300 H.P., are equipped 
with ball bearings in his plant for operating pumps 
and stoker drives. They have eliminated 85 per 
cent of all motor repairs caused by plain bearings. 
Coal dust, cinders, dirt and water cannot get into 
the bearings, as sealed housings effectively preclude 
the entrance of foreign matter and keep the lubri- 
cant in Bearing failures have been eliminaetd—a 
factor of utmost importance on this type of appli- 
cation. 





The superintendent of a large light and power 
company states: “It has been found that self-align- 
ing ball bearings for the motors offer certain very 
desirable advantages. Although every precaution is 
taken to line up the units, there is a possibility of 
slight misalignment, due to warpage of castings or 
to inaccurate machining. On the reassembling of 
motors after service inspection, it is possible to bolt 
up the end bells in a slightly cocked position. Again, 
the mechanic may ridge the break between the motor 
frame and end bell, which produces the same con- 
dition. With certain types of drives a deflection of 
the shaft takes place, as is evidenced by wear at 
the ends of plain bearings. 

“With self-aligning ball bearings these possibil- 
ities of bearing failure are avoided, since this type 
of bearing automatically compensates for any condi- 
tion of misalignment. 
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Arnett, C. T. S., Laneside Bungalow, Easton, S. O. York- 
shire, England. 

B 


Badlam, Stephen, Works Mgr., Superior Steel Corp., Car- 


negie, Pa. 
Bahney, Robt. H., Asst. Elec. Engr., Central Steel Com- 
pany, Massillon, Ohio. 


MEMBERS 


Baker, C. L. Management’s Rep., Bethlehem Steel Com- 
pany, Cambria Plant, Johnstown, Pa. 

Ballard, William K., Mast. Mech., Weirton Steel Company, 
Steubenville, Ohio. 

saltzell, Will H., Chief Engr., Canadian Steel Corp., Ojid- 
way, Ontario, Canada, Essex County. 

Barefoot, Roy., Asst. Elect., Carnegie Steel Company, Car- 
rie Furnaces, Rankin, Pa. 

Barker, John L., Chief Elect., Sharon Steel Hoop Com- 
pany, Sharon, Pa. 

Barnes, Harry P., 1013 Lincoln Ave., Port Huron, Mich. 

Barnicle, Clarence A., Chief Elect., Shenango Furnace Com- 
pany, Sharpsville, Pa. 

Baumgarten, G. W., Asst. Elec. Engr., Carnegie Steel Com- 
pany, Duquesne, Pa. 

Baxter, W. B., Chief Elec. Engr., Appleby Iron Company, 
Frodingham, Lincolnshire, England. 

Bechtel, T. B., 480% Windsor Place, Milwaukee, Wisc. 

Bedell, C. E., Elect. Supt., Wheeling Steel Corp., Wheeling, 
W. Va. 

Bedson, N. P., Chief Elect. Engr., R. Johnson & Nephew, 
Ltd., Bradford Iron Works, Manchester, England. 

Bennett, H. G. R., Asst. Supt., Bar Mill Department, Car- 
negie Steel Company, Youngstown, Ohio. 

Bentz, R. M., Elect. Engr., United Engineering & Fdry. 
Co., Canton, Ohio. 

Bird, F. B., 1463 Rascher Ave., Chicago, III. 
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Black, Geo. W., Chief Elect. Clairton By Product Coke 
Works, Carnegie Steel Company, Clairton, Pa. 

Black, Leroy V., Chief Elect., Merchant Mills, Bethlehem 
Steel Company, Bethlehem, Pa. 

Black, R. A., Chief Elect., Forged Steel Wheel Company, 
Butler, Pa. 

Blake, S. J., Chief Engr, Pittsburgh & Conneaut Dock Co., 
Conneaut, Ohio. 

Blakeslee, D. W., Illum. Engr. 1211 Morningside Ave., 
Pittsburgh, Pa. 

Bledsoe, Edward H., Chief Elect., Mt. Vernon Car Mfg. 
Co., 315 So. 7th Street, Mt. Vernon, III. 

Blum, Arthur N., Henry Disston & Sons Company, Phila- 
delphia, Pa. 

Boak, R. C., Supt., Edgewater Steel Company, Oakmont, 
Pa. 

3odler, O. W., Elect. Engr., Kodak Park Works, Eastman 
Kodak Company, Rochester, N. Y. 

Boone, H. Searles, Plant Engr., Shoemaker Bridge Com- 
pany, Pottstown, Pa. 

300th, Jesse J., Asst. Supt. Elec. Dept., Gary Tube Com- 
pany, Gary, Ind. 

Booher, J. C., Head Elect., American Steel & Wire Com- 
pany, Donora Steel Works, Donora, Pa. 

Bowen, Charles, Chief Elect., Sharon Steel Hoop Company, 
M. Haseltine Works, Youngstown, Ohio. 

Bower, J. R., Asst. Master Mech., American Car & Foun- 
dry Co., Berwick, Pa. 

Boynton, A. J., 310 So. Michigan Ave., Chicago, III. 

Brede, E. L., 8950 Exchange Ave., Chicago, IIl. 

Brinker, V. I., Supt. Elect. Dept., American Sheet & Tin 
Plate Company, Vandergrift, Pa. 

Bryant, Roger H., Elect. Engr., American Steel & Wire 
Company, 94 Grove Street, Worcester, Mass. 

sristol, Chester L., Elect. Engr., National Tube Company, 
Lorain, Ohio. 

srown, W. S., Asst. Supt. Elect. Dept., Carnegie Steel 
Company, Duquesne, Pa. 

surnett, L. H., Asst. to Pres., Carnegie Steel Company, 
1127 Carnegie Bldg., Pittsburgh, Pa. 

Burr, Walter H., Supt. Elect. Dept., Lukens Steel Com- 
pany, Coatesville, Pa. 

suske, W. C., Master Mech., McConway & Torley Com 
pany, Pittsburgh, Pa. 

Buzza, W. A., Chief Elect., Youngstown Sheet & Tube Co., 
Zanesville, Ohio 

c 


‘allow, O. C., Chief Elect., Trumbull Cliffs Furnace Co., 
Warren, Ohio. 

‘anney, P. R., Elect. Engr., Minnesota Steel Company, 
Morgan Park, Duluth, Minn. 

‘anon, Harry C., Chief Elect., Babcock & Wilcox Tube 
Company, Beaver Falls, Pa. 

‘aputo, Jas., 313 E. Prospect Street, Girard, Ohio. 

‘arothers, J. P., 3rd Street, Boiling Springs, Pa. 

carter, R. E., Ashtabula Steel Sheet Company, Ashtabula, 
Ohio. 

Case, W. H., 498 Melrose Ave., Ambridge, Pa. 

Case, Wm. T., Plant Engr., A. M. Byers Co., Girard, Ohio 

Cavanaugh, James M., Asst. Chief Elect., Inland Steel 
Company, East Chicago, Ind. 

Cederlund, K. H., Supt. of Shops, Allmanna Svenska Elek- 
triska, Aktiebolaget, Ludvika, Sweden. 

Chaffin, R. F., Supt. Elect. & Steam Dept., Crucible Steel 
Company, Midland, Pa. 

Chandler, W. A., Cons. Elec. Engr., Hudson Coal Com- 
pany, Scranton, Pa. 

Chandler, W. P., Spec. Engr., Carnegie Steel Company, 
Carnegie Bldg., Pittsburgh, Pa. 

Chapman, Jas. F., Chief Elect., Colorado Fuel & Iron 
Company, Minnequa Works, Pueblo, Colo. 

Clark, Walter R., Wks. Mgr., Bridgeport Brass: Company, 
Bridgeport, Conn. 

Clay, H. C., Head Elect., American Steel & Wire Co., 
Trenton, N. J. 

Clements, Fred, Park Gate Works, Rotherham, England. 

Coates, Edward, Elect. Supt., Donner Steel Company, Inc., 
3uffalo, N. Y. 

Cobbledick, M. W., Elect. Engr., Republic Iron & Steel 
Company, Youngstown, Ohio. 

Churchill, A. B., Elec. Supt., American Bridge Company, 

Ambridge, Pa. 
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Cocain, E. H., Chief Elect., Pittsburgh Steel Company, 
Monessen, Pa. 

Cole, A. G., Engr. of Plant, Standard Steel Works Com- 
pany, Burnham, Pa. 

Collins, F. L., Asst. Elect. Supt., Illinois Steel Company, 
Gary Works, Gary, Ind. 

Colson, W. G., Supt. C. & F., American Steel Foundries, 
Granite City, Il. 

Connally, Wm. B., Chief Elect., Gulf States Steel Com- 
pany, Alabama City, Ala. 

Conover, Hugh B., Supt. Elect. Dept., Carnegie Steel Com- 
pany, Mingo Junction, Ohio. 

Conway, Martin J., Fuel Engr., Wheeling Steel Corp., 
Steubenville, Ohio. 

Cooke, Smith H.. Elect. Engr., Cammell Laird & Co., 
Cyclops Steel & Iron Works, Sheffield, England. 

B. F. Coombe, Elec. Supt., Follansbee Bros. Co., Follans- 
bee, W. Va. 

Cooper, John E., Chief Elct., Carnegie Steel Company, 
Bellaire, Ohio. 

Cosdon, Houston, Elect. Foreman, Midvale Steel Company, 
Philadelphia, Pa. 

Cote, Marcellin, 54 Banbury Lane, Ben Avon Heights, 
Bellevue, Pa. 

Cox, Harry A., Master Mech., American Steel & Wire 
Company, Donora, Pa. 

Cramer, Frank W., Asst. Elect. Engr., Bethlehem Steel 
Company, Johnstown, Pa. 

Caulter, R. S., Steam Engr., Bethlehem Steel Company, 
Sparrows Point, Md. 

Cox, Samuel R., Jr., Elect. Ener., Energ. Dept., Carnegie 
Steel Co., Edgar Thomson Works, Braddock, Pa. 

Cornwell, B. A., Elect. Engr., Carnegie Steel Company, 
Youngstown, Ohio. 

‘ronk, H. C., Elec. Supt., McKinney Steel Co., Cleveland, 
Ohio. 

Crosby, F. B., Morgan Construction Company, Worcester, 
Mass. 

‘Cummins, A. C., Elect. Engr., Carnegie Steel Company, 
Duquesne, Pa. 

cuenot, Paul A., Spec. Engr., American Locomotive Com 
pany, Schenectady, N. Y. 

‘utler, F. G., Chief Bureau of Steam Enger., Tenn. Coal 
Iron & R. R. Company, Ensley, Ala 


D 


Davenport, R. B., Supt. Elect. Dept., Carnegie Steel Com- 
pany, New Castle, Pa. 

Davis, R. J., 1533 Rockland Ave., Beechview, Pittsburgh, 
Pa. 
Davis, H. E., Chief Elect., Interstate Iron & Steel Com- 
pany, 118th Street and Calumet River, Chicago, III. 
Davis, W. J., Chief Elect., Scullin Steel Company, 6700 
Mahonester Ave., St. Louis, Mo 

Day, L. V., Works Engr., American Steel Foundries, East 
St. Louis, Ill. 

Delaney, J. H., Chief Elect., Steel Mill Department, Natl 
Enameling & Stamping Co., Granite City, Ill 

Detwiler, W. Frank, Gen. Megr., Allegheny Steel Company, 
Tarentum, Pa. 

Dibben, Arthur R., Asst. Chief Elect., Mark Plant, Youngs- 
town Sheet & Tube Company, East Chicago, Ind 

Dick, Howard J., Carnegie Steel Company, 500 Carnegie 
Bldg., Pittsburgh, Pa. 

Dickinson, H. M., Elec. Supt., Woodward Iron Company, 
Woodward, Ala. 

Donnelly, John, Chief Elec., Algoma Steel Company, Sault 
Ste Marie, Ontario, Can. 

Donnelly, John, Elec. Supt., Algoma Steel Corp., Sault Ste 
Marie, Ontario, Canada 

Donahue, Walter J., Chief Elect., Republic Iron & Steel 
Company, Coal Mines S. Div., Sayreton, Ala. 

Donovan, C. W., Elec. Engr., American Sheet & Tin Plate 
Co., Gary Tin Mill, Gary, Ind. 

Dowling, North, Jr.. Mech. Engr., Eastern Malleable Iron 
Company, Wilmington, Delaware. 

Dougherty, Kenneth A., Gen. Foreman, Elec. Department, 
Gary Tube Co., Gary, Ind. 

Donovan, J. D., Supt. Elec. & Mech. Dept., The Central 
Steel Company, Massillon, Ohio. 

Dorschel, W. E., Chief Elect., Standard Steel Car Com 
pany, Hammond, Ind. 
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Dratz, Herman O., Maintenance Eng., American Steel 
Foundries, E. Chicago, Ind. 

Dudley, W., Elect Ingr., Ashland, Ky. 

Duncan, A. W., Chief Elect., P. O. Box 33, Weirton Steel 
Company, Weirton, W. Va. 

Dunn, Hl. Earl, Chem. Engr., Vanadium Corp. of America, 
sridgeville, Pa. 

Dunn, W. V.. Chief Elec., Tenn. Coal Iron & R. R. Com- 
pany, Fairfield, Ala. 


Dvrssen, Waldemar, Chicf Engr., Blaw-Knox Company, 
Pittsburgh, Pa. 
E 
Karl, Harry W., Elec. Foreman, Edgewater Steel Com- 


pany, Oakmont, Pa. 

“arhart, David F., 4232 West 21st St., Cleveland, Ohio. 

“chols, Joseph, Asst. Chief Elect., Weirton Steel Com- 
pany, Weirton, W. Va. 

‘dgar, Louis C., Chief Engineer, Edgar Thomson Works, 
Carnegie Steel Company, Braddock, Pa. 
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Egan, F. D., Supt. Elec. Dept., Bethlehem Steel Company, 
Lackawanna Plant, Lackawanna, N. Y. 

Egan. L. W., 1572 Addison Road, Cleveland, Ohio. 

Fidell, Harry J., Chief Elect., International Motor Com- 


pany, Allentown, Pa. 

“lliott. A. F., Gen. M. & Chief Elect., Sloss Sheffield Steel 
& Iron Co., Birmingham, Ala. 

‘Iiott, E. B., Engineer, Stone & Webster, Inc., 147 Milk 
Street, Boston, Mass. 

“His, Frank I., Cons. 
Pittsburgh, Pa. 

“rikson, E. F., Elect. Const. Mill Foreman, The Koppers 
Construction Co., Union Trust Bldg., Pittsburgh, Pa. 

2step, F. L., Chief Engr., & Partner, Perin & Marshall, 
40 West 40th St.,. New York, N. Y. 
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Esterly, H. D., 1437 Pine St., Norristown, Pa. 
F 
Fairgrieve, A. C., Chief Elect.,, Carnegie Steel Company, 


W. Federal Street, Youngstown, Ohio. 
‘arrington, James, Supt. Elect. Dept., Wheeling 
Corp., Steubenville Works, Steubenville, Ohio. 

Fernald, Benj. G.. Criehaven, Maine. 

Fielding, Chas. H., Chief Elect., Hess Steel Corp., Balti- 
more, Md. 

Fischer, C., Supt., Mesta Machine Co., West Homestead, 
Pa. 

Flanagan, Walter N., Steam Engr., Ohio Works, Carnegie 
Steel Co., Youngstown, Ohio. 

Fitzgerald, H. W., 188 Long Ave., Hamburg, N. Y. 

Flaherty, T. J., Supt. Elect. Dept., American Rolling Mill 
Company, Ashland, Ky. 

Foell, Mr. A. Louis, 82 Long Avenue, Buffalo, N. Y. 

Fox, Mr. Gordon, Elect. Engr., Freyn Engineering Com- 
pany, 310 So. Michigan Ave., Chicago, Ill, 

Freret, A. L.. Asst. Elect. Engr., Tenn. Coal Iron & R. R. 
Co., 1026 Woodward Bldg., Birmingham, Ala. 

Friedlander, E., Mgr., Kaufmann’s, The Big Store, Pitts- 
burgh, Pa. 

Frye, Chas. F., 
Gary, Ind. 

Fries, J. E., Chief Engr., Tenn. Coal Iron & R. R. Com- 
pany, Birmingham, Ala. 

Fukai, Jasner S., Elect. Dept., Truscon Steel Co., Youngs- 
town, Ohio. 

G 


Gage, Gordon, Chief Elect., American Rolling Mill Com- 
pany, Middletown, Ohio. 

Galbreath, L. F., Elect. Engr., West Penn Steel Company, 
srackenridge, Pa. 

Gale. R. F., Plant Engr., The Midvale Company, Philadel- 
phia, Pa. 

Garbett, Roy A., Test. Insp. Elect. Dept., Garv Tube Com- 
pany, Gary, Ind. 

Gardner, G. W.. Master Mech., Lebanon Steel Foundry Co., 
20 South 11th St., Lebanon, Pa. 

Garnier, Ed. J., Asst. Chief Elect., Indiana Steel Company, 
Gary Works, Gary, Ind. _ 

Garrigan. C. J., Pittsburgh Rolls. Corp.. Pittsburgh, Pa. 
Gaudy, R. J. Sessions Engineering Co., 208 So. LaSalle 
Street, ‘Chicago, III. 
Geeseman. D. B., Plant 

pany, Canonsburg, Pa. 
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Elect. Draftsman, Gary Tube Company, 


Enegr., Standard Tin Plate Com- 
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Geiger, Paul N., Supv. of Power, Central Steel Company, 
Massillon, Ohio. 


Gerhardt, R. B., Asst. Genl. Mgr.,. Bethlehem Steel Com- 
pany, Sparrows Point, Md. 

Germain, A. C., Safety Engr., Minnesota Steel Company, 
Duluth, Minn. 

Gerwig, Theodore G., care of Kauffmanns, Pittsburgh, Pa. 

Ghosh, S., Elect. Engr., Tata Iron & Steel Company, Ltd., 
Jamshedpur, India. 

Gilbert, W. H., Asst. Mech. Engr., Tenn. Coal Iron & R. 
R. Company, 1119 Brown Marx Bldg., Birmingham, Ala. 

Gilberthorpe, F., Elect. Engr., Kayser Ellison & Co., Ltd., 
Sheffield, England. 

Gillis, J. P., Master Mech., Wheeling Steel & Iron Com- 
pany, Yorkville, Ohio. 

Gilson, B. W., Elect. Supt., Carnegie Steel Company, Ohio 
Works, Youngstown, Ohio. 

Gluck, Wm. H., Dist. Repr., Henrite Products Company, 
5516 Kenmore Ave., Chicago, III. 

Gordon, Leslie B., Elect. Engr., Kelly Springfield Tire Co., 
Cumberland, ‘Md. 

Gramm, Geo. E., Elect. Engr., H. C. Frick Coke Company, 
Scottdale, Pa. 

Grand-Girard, Stanley, Asst. Elec. Engr., Republic Iron & 
Steel Company, Youngstown, Ohio. 

Gray, Chas. H., 3220 Versailles Ave., McKeesport, Pa. 

Gregg, W. T., Chief. Elect., Tyler Tube & Pipe Company, 
Washington, Pa. 

Gundrum, H. E., Asst. Chief Elect., American Car & Foun- 
dry Co., 221 East 14th Street, Berwick, Pa. 

Glew, John, Chief Elect., Ashtabula Steel Company, Ashta- 
bula, Ohio. 

Gordon, R. B., Chief Elect., Bessemer Rolling Mill Com- 
pany, Bessemer, Ala. 

Graham, R. W., Asst. Elect. Supt., Bethlehem Steel Com- 
pany, Lackawanna, N. Y. 

Greene, Elwood, Master Mech., 
Company, Reading, Pa. 

Greenwood, Walter, Safety Engr., Carnegie Steel Company, 
Youngstown, Ohio. 

Guthorn, S. L., Elect. Engr., Public Service Production Co.. 
Newark, N. J. 

Gravenstreter, H. R., Combst. Engr., American Sheet & 
Tin Plate Co., Shenango Works, New Castle, Pa. 


H 


Hagan, C. S., Elect. Supt., Mackintosh Hemphill Company, 
12th Street, Pittsburgh, Pa. 
Haldeman, P. C., Mech. Engr., 
Coatesville, Pa. 

Hall, W. S., Elect. Engr., Illinois Steel Company, So. Chi- 
cago, IIl. 

Hampton, W. M., Supt. Gas Eng. Dept., Illinois Steel Com- 
pany, Gary, Ind. 

Harper, W. J., Steam Engr., Donner Steel Co., Buffalo, N. Y. 

Harrar, E. S., Youngstown Steel Company, Warren, R. F. 
D. 3, Ohio. 

Harris, P. L., 323 West 115th Street, Los Angeles, Cal. 

Harry, Robert J., Asst. Elect. Supt., Carnegie Steel Com- 
pany, Munhall, Pa. 

Hawk, Edgar A., Fuel Engr., Tenn. Coal Iron & R. R. Co., 
Ensley, Ala. 

Hayashi, T., Japan Steel Works, 104 Shintomicho, Muroran, 
Japan. 

Hazen, Comer D., Asst. Elect. Supt., Youngstown Sheet & 
Tube Company, Youngstown, Ohio. 

Headlee, F., Test. Engr., Illinois Steel Company, Gary, Ind. 

Henderson, S. L., Elect. Supt., American Steel & Wire 
Company, Central Furnaces, Cleveland, Ohio. 

Hess, t.awrence J., Supt. Tube Mills, Youngstown Sheet & 
Tube Company, Youngstown, Ohio. 

Hill, Ross C., Elect. Engr., Wilson Snyder Mfg. Company, 
Braddock, Pa. 


Reading Steel Casting 


Lukens Steel Company, 


Hoffman, Emil H., Chief Engr., The Stewart Furnace 
Company, Sharon, Pa. 
Hollis, Harry, Elect. Engr., Bethlehem Steel Company, 


Lebanon, Pa. 

Hollingsworth, Frank, Gen. Foreman Elect. Dept., Lukens 
Steel Company, Coatesville, Pa. 

Hopkins, Harry G., Elect. Engr., Carnegie Steel Company, 
Edgar Thomson Works, Braddock, Pa. 

Housman, Walter E., Asst. M. E., H. C. Frick Coke Com- 
pany, Scottdale, Pa. 


ee) 





ly, 


d., 


110 


Vv, 


n- 
ng 
Ly, 


O., 


1S 


y; 


eee! 





February, 1926 


Hughes, Thos. E., Gen. Foreman, Electrical Department, 
Carnegie Steel Company, Duquesne, Pa. 

Hughes, G. A., Elect. Engr., Truscon Steel Company, 
Youngstown, Ohio. 

Huff, E. L., Commercial Megr., Monongahela West Penn 
Public Service, Fairmont, W. Va. 

Humpton, L. R., Chief Elect., Parksburg Iron Works, 
Parksburg, Pa. 

Hussey, R. M., Elect. Supt., Jones & Laughlin Steel Corp., 
Woodlawn, Pa. 

Huston, John, Master Mech., American Steel Foundries, 
36th St. & A. V. R. R., Pittsburgh, Pa. 

Hutchinson, C. W., Chief Elect., Page Steel & Wire Com- 
pany, Monessen, Pa. 

Hunt, C. H., Chief Engr., Weirton Steel Company, Weir- 
ton, W. Va. 

J 


Jackson, A. R., 526 Lockhart Street, N. S., Pittsburgh, Pa. 

Jackson, Wm., Asst. Elect. Supt., Carnegie Steel Com- 
pany, Munhall, Pa. 

Jackson, R. A., 568 Maryhill Road, Glasgow, Scotland. 

Jackson, Wm. G., 51 Wade Street, Jersey City, N. J. 

Janessa, Arthur, Elect. Engr., Witherow Steel Company, 
Box 1126, Pittsburgh, Pa. 

Jefferies, E. S. Elec. Engr., Steel Company of Canada, 
Hamilton, Ont., Canada. 

fohnson, W. W., Jr., Elect. Engr., Eddystone Manufactur- 
ing Company, Eddystone, Pa. 

Jones, P. C., 42 Norwood Road, Stretford, Manchester, 
England. 

Jones, Alfred F., Chief Elect., Champion Mach. & Forging 
Co., 3795 E. 78th Street, Cleveland, Ohio. 

Jones, O. R., Elec. Engr., Sharon Steel Hoop Company, 
Lowellville, Ohio. 

Jones, Mr. A., 4107 Beechwood Blvd., Hazelwood Sta., 
Pittsburgh, Pa. 

K 


Kagarise, E. R., Chief Elect., Mahoning Valley Steel Com- 
pany, Niles, Ohio. 

Kaufman, Geo. A., Elect. Engr. Asst., Jones & Laughlin 
Steel Corp., Woodlawn, Pa. 

Keil, R. H., Room 808, 311 Ross Street, Pittsburgh, Pa. 

Kelvie, James D., Jr., Elect. Engr., Central Steel Company, 
Massillon, Ohio. 

Kennedy, E. E., Elect. Engr., 29 Harrison Street, Munhall, 


Pa. 
Kennedy, Walter C., 303 Bewley Road, Llanerch, Upper 
Darby, Pa. 


Kerr, A. E., Asst. Elec. Engr., Steel Co. of Canada, Ltd., 
Hamilton, Ont., Can. 

Kieft, E., Engr. of Tests, Illinois Steel Company, Gary, 
Ind. 

King, Louis M., Asst. Chief Elect., American Steel & Wire 
Company, Coke Plant, Cleveland, Ohio. 

Kiehl, Eugene P., Power Engr., The Atlantic Refining 
Company, 3144 Passyunk, Ave., Philadelphia, Pa. 

King, Wm. J., Chief Elect., Coatesville Boiler Works, 
Coatesville, Pa. 

Kittredge, F. H., Elect. Engr., Illinois Steel Company, 
Joliet, Ill. 

Kirkpatrick, E. C., Mech. Engr., The Steel Company of 
Canada, Ltd., Montreal, Canada. 

Kishihara, S., Chief Elect. Engr., Imperial Steel Works, 
Yahata, Japan. 

Kenney, John S., Chief Elect., Wheeling Steel Corp., 
Yorkville, Ohio. 

Klein, Vincent, Master Mech., Fort Pitt Steel Casting 
Company, McKeesport, Pa. 

Kline, Edward M., Fore. Elect. Dept., Gary Tube Com- 
pany, Gary, Ind. 

Knapp, D. R., 6564 Woodstock St., Germantown, Phila- 
delphia, Pa. 

Knight, G. Webber, Mer., Natrona Light & Power Co., Box 
605, Natrona, Pa. 

Koizumi, M., Elect. Engr., Engrg. Dept., Anzan Steel 
Wks., South Manchuria Railway Works, Dairen, Japan. 

Koval, John C., Chief Elect., Vulcan Iron Works, Miner 
Mills, Pa. 

Krumhaus, Arthur L., 
Milwaukee, Wisc. 


Chief Elect., Globe Steel Tube Co., 


L 


Landgrebe, Karl L., Gen. Supt., Tenn. Coal Iron & R. R. 
Co., Ensley, Ala. 
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Lauer, Albert H., Maint. Engr., American Steel Foundries, 
Sharon, Pa. 

aughlin, H. Hughart, Elect. Engr., Jones & Laughlin 
Steel Company, 3rd and Ross Sts., Pittsburgh, Pa. 

sawyer, E. D., Gen. Foreman, Elect. Dept., Bethlehem 
Steel Company., Johnstown, Pa. 

eahy, F. E., National Tube Company, Penna. Works, 
Pittsburgh, Pa. 

avitt, A. R., Asst. Elect. Engr., Duquesne Works, Car- 
negie Steel Company, Duquesne, Pa. 

.endi, J. H., Elect. Engr., Universal Portland Cement Co., 
Chicago, IIl. 

-ewis, Elbert, Asst. Elect. Engr., Illinois Steel Company, 
Chicago, III. 

.ewis, R. E., Chief Elect., The Youngstown Sheet & Tube 
Co., Youngstown, Ohio. 

-ewis, H. A., Elect. Supt., Alan Wood Iron & Steel Com 
pany, Norristown, Pa. 

ytle, J. R., Chief Elect., Vulcan Mould & Iron Company, 
Latrobe, Pa. 

indgren, Gilbert, Foreman, Steel Company of Canada, 
Ltd., Hamilton, Ont., Canada. 

indberg, E., Mgr. Engineering Division, Central Electric 
Company, Chicago, III. 

indstrom, J. D., Supt. Power Equip., Shelby Steel Tube 
Company, Ellwood City, Pa. 

jittleboy, T. C., Elect. Engr., Brymbo Steel Company, 
North Wales, Eng. 

.obach, W. J., Master Mech., Baldt Works, Penn Seaboard 
Steel Corp., New Castle, Delaware. 

.ockie, J. W., Elect. Engr., Donner Hanna Coke Co., Ab 
bey Street, Buffalo, N. Y. 

ong, L. W., Asst. Supt. Elect. Dept., National Tube Com 
pany, Lorain, Ohio. 

yon, C. A., Elect. Foreman, Tenn. Coal Iron & R. R 
Co., Ensley, Ala. 
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McAnlis, I. J., Chief Elect., Standard Steel Car Company, 
New Castle, Pa. 

McAuly, A. W., Chief Elect., Edgewater Steel Company, 
Oakmont, Pa. 

McClelland, W. S., Elect. Supt., Standard Tin Plate Com- 
pany, Canonsburg, Pa. 

McCutchin, D. B., Chief Elect.. H. P. Works, American 
Steel & Wire Company, Cleveland, Ohio. 

McDermott, G. R., Asst. Chief Engr., Illinois Steel Com- 
pany, S. Works, S. Chicago, III. 

McFadyen, D. W., Chief Elect., Universal Portland Cement 
Co., Universal, Pa. 

McFeaters, Geo. H., Chief Elect., Lorain Steel Company, 
Johnstown, Pa. 

McKee, Frank E., Consulting Engr. R. R. 3, Muskegon, 
Mich. 

McGaughey, H. C., Master Mech., Ashtabula Steel Sheet 
Company, Ashtabula, O. 

McGrail, M. E., Elect. Engr., United Alloy Steel Corp., 
Canton, Ohio. 

McGrane, P. J., Chief Elect., Railway Steel Spring Com- 
pany, Chicago Heights, III. 

McHenry, James, Chief Elect., Columbia Chemical Com- 
pany, Barberton, Ohio. 

McIntosh, R. L., Chief Elect., Inland Steel Company, East 
Chicago, Ind. 

McKibben, W. C., Supt. Maint., Lewis Foundry & Ma- 
chine Company, Coraopolis, Pa. 

McMasters, Walter B., Elect. Engr. Wheeling Mold & 
Foundry Company, Wheeling, W. Va. 

McQuigg, S. E., Chief Elect., Allegheny Steel Company, 
Brackenridge, Pa. 

McCarthy, J. B., Elect. Supt., International Nickel Co. of 
Canada, Copper Cliff, Ont., Canada. 

McKenna, J. J., Chief Elect., Anaconda Copper Mining Co., 
East Chicago, Ind. 

M 


Mandeville, L. H., Chief Ener., The Columbia Steel Com- 
pany, Elyria, Ohio. 

—s C. Arthur, Lukens Steel Company, Coatesville, 
a. 

Maloney, James, Chief Elect., Superior Steel Company, 
Carnegie, Pa. 

Maloney, J. J., Chief Elect., Monongahela Connecting R. 
R. Co., Pittsburgh, Pa. 
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Marquart, Frank, Asst. Chief Elect., Cuyahoga Works, 
American Steel & Wire Co., Cleveland, Ohio. 

Marshall, S. M., Claremont Hotel, Berkeley, California. 

Martin, Earl, Chief Elect., Wilmington Malleable Iron 
Wks., Wilmington, Del. 

Marriman, Joseph E., Colorado 
Pueblo, Colorado. 

May, W. H., Chief Elect., Cleveland & Pittsburgh Ore 
Docks, 1449 Olivewood Ave., Cleveland, Ohio. 

Mayhugh, Earl W., Elect. Foreman, Minnequa 
Colorado Fuel & Iron Company, Pueblo, Colo. 

Meals, H. W., Elect. Weirton Steel 
Weirton, W. Va. 

Menk, Robt. M., Master Mech., Vanadium Corp. of Amer- 
ica, Bridgeville, Pa. 

Menk, C. A., Supt. Elect. Dept., Carnegie Steel Company, 
Homestead Works, Munhall, Pa. 
Milton, A. L., Mech Engr., Wheeling 
wood, W. Va. 
Miller, J. L., Steam 

ing, W. Va. 
Miller, A. E., Chief 
Brackenridge, Pa. 
Miller, Chas. E., Supt. Elect. Dept., Carnegie Steel Com- 
pany, Clairton, Pa. 
Miller, H. G., Elect. Supt., Harrisburg Pipe & Pipe Bend- 
ing Co., Harrisburg, Pa. 
Miller, J. W. Chief Steam Engr., Clairton By-Product Coke 
Works, Carnegie Steel Company, Clairton, Pa. 
Miller, W. E., Supt. Elect. Dept., Bethlehem Steel 
pany, Johnstown, Pa. 
Mills, Jas. L., Elect. Mech. Engr., Illinois Steel Company, 
Chicago, IIl. 
Moeller, aa bea 
Chester, Pa. 
Moffat, Thos. B., Foreman of Supplies, Carnegie Steel Com- 
pany, Duquesne, Pa. 
Moffat, Wm., Elect., Monessen 
Company, Monessen, Pa. 
Mohrman, A. W., 2097 Marlowe Ave., Lakewood, Ohio. 
Molz, Henry, Chief Elect., Allegheny River Mining Co., 
Kittanning, Pa. 
Monasky, M. J., Maint. Foreman, Elec. Dept. By-Product 
Coke Works, Carnegie Steel Company, Clairton, Pa. 
Montgomery, A. G., Asst. Master Mech., American Steel 
& Wire Company, Central Furnaces, Cleveland, Ohio. 
Moore, Chas. A., Supt. Elect. Dept., Berwind White Coal 
Mining Co., Windber, Pa. 

Morgan, John B., Chief Elect. & M. M., Wm. B. 
Company, Youngstown, Ohio. 

Morgan, Myles, 46 Massachusetts Ave., Worcester, Mass. 

Morgan, J. A., Supt. Elect. Dept., Carnegie Steel Company, 
Edgar Thomson Works, Braddock, Pa. 

Morgan, M. H., Jr., Engr. Dept., Edgar Thompson Works, 
Carnegie Steel Company, Braddock, Pa. 

Morton, J., 3 Clarance Villas, Ashburton 
Park, Manchester, England. 

Mosley, H. C., Chief Elect. Engr., Wheeling Steel Corp., 
Portsmouth, Ohio. 

Mulvaine, Elmer A., Chief Elect., Marion Steam 
Company, 320 Willow Strect, Marion, Ohio. 

Muntz, Mr. R., 333 Franklin Street, Butler, Pa. 


Iron Company, 


Fuel & 


Works, 


Foreman, Company, 


Steel Corp., Ben- 


Engr., Wheeling Steel Corp., Wheel- 


Elect., Allegheny Steel Company, 


Com- 


Chief Elect., American Steel Foundries, 


Plant, Pittsburgh Steel 


Pollock 


Road, Crafford 


Shovel 


Murphy, Frank M. J., 4837 Rockwood Road, Cleveland, 
Ohio. 

Murray, J. S., Elect. Engr., Follansbee Bros, Co., Toronto, 
Ohio. 


N 
Nicholas, I. A., Spec. Engr. Carnegie Steel Company, 
Clairton, Pa. 
Nichols, Charles V., Operating Power Plant, Carnegie ‘Steel 
Company, Duquesne, Pa. 
Nicholson, A. C., Gen: Elect. Foreman, Illinois Steel Com- 
pany, So. Works, Chicago, III. . 
Noerager, Arthur, Chief Elect. Engr., Braden Copper Com- 
pany, Cova Rancagua, Chile, S. A. 

Neblett, H. W., Room 314, 6760 Stony Island Ave., Chi- 
cago, Ill. 

Nolan, V. J., 6430 Yale Ave., Englewood Sta., Chicago, III. 


O 
O’Brien, Henry G., Genl. Supt., Trumbull Steel Company, 
Warren, Ohio. 
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O'Donovan, J. S., Chief Elect. Spang, Chalfant & Co., 
Etna, Pa. 
Oldham, W. H., P. O. 


30x 923, Port Arthur, Texas. 


Pp 

Parke, J. G, Jr., Chief Engr., Pittsburgh Steel Company, 
Monessen, Pa. 

Parkhurst, C. W., 
Philadelphia, Pa. 

Pannabaker, J. J., Chief Operator, 
America, Bridgeville, Pa. 

Parmelee, Mr. Frank A., 1012 Beulah Ave., Pueblo, Colo. 

Parsons, Edmund S., Elec. Engr., Washburn Wire Co., 
Phillipsdale, R. I. 

Patterson, Mr. F. R., Fawcett Street, McKeesport. Pa. 

Penman, J. R., Supt. Elect. Dept., Reading Iron Co., Read- 
ing, Pa. 

Peck, J. S., Const. Elect. Engr., British Westinghouse Com- 
pany, M. Trafford Park, Manchester, England. 

Piercy, Edgar, Mech. Engr., Gary Tube Company, Gary, 
Ind. 

Penniman, A. L., Jr., Supt. of Steam Sta., Consolidated 
Gas Elec. Lt. & Power Co., Baltimore, Md. 

Peterson, Rolland E., Testing & Inspection 
Tube Co., Gary, Ind. 

Petry, W. W., Welding Supervisor, The American Rolling 
Mill Co., Middletown, O. 

Petty, D. M., Supt. Elect. Dept., Bethlehem Steel Company, 
Lehigh Plant, Bethlehem, Pa. 
Pfeffer, Geo., Chief Elect., Florence 

Co., Florence, N. J. 

Phelps, Leverne R., Elect. Supt., Atlas Steel Corp., Dun- 
kirk, N. Y. 
Phillippi, C. A. F., 
Reading, Pa. 
Place, A. G., Elect. Engr., The Youngstown Sheet & Tube 
Co., Youngstown, Ohio. 
Plumb, Ralph, Pres., Buffalo 

wanda, N. Y. 
Pool, R. H., Asst. Chief Elect., Truscon Steel 
Youngstown, Ohio. 
Porter, F. K., Asst. Supt., Elect. Dept. By-Product Coke 
Plant, Carnegie Steel Company, Clairton, Pa. 
Power, Robt. E., Maint. Engr., American Steel 
Chester, Pa. 
Price, W. H., 
Pa. 
Pridmore, J. F., 


Trust Bldg., 


Room 1120 Commercial 


Vanadium Corp., of 


Dept., Gary 


Pipe Fdry. & Mch 


Chief Elect., Penn Hardware Company, 


Jolt Company, North Tona- 


Company, 


Foundries, 


Engr., Midvale Steel Company, Coatesville, 


Asst. Chief Elect., By-Product Coke 
Works, J. & L. Steel Company, Pittsburgh, Pa. 

Proudfoot, C. S., Gen. Megr., United States Ferro Alloys 
Corp., Niagara Falls, N. Y. 


R 


Raab, Harry F., Gen. Foreman, 
Steel Co., Johnstown, Pa. 
Rachals, Walter, Asst. Chief Enegr., United States Steel 

Corp., 71 Broadway, New York, N. Y. 
Rainbow, S. G., Asst. Elect. Supt., Alliquippa Works, J. & 
L. Steel Co., Woodlawn, Pa. 
Ramage, Wm. Haig, V. P., Valley 
Sharpsville, Pa. 

Rankin, L. R., Elect. Supt., Carnegie Steel Company, Far 
rell, Pa. 

Rath, James M., Power Plant Elect. Dept., National Tubs 
Company, McKeesport, Pa. 

Raynor, Kenneth M., Asst. Supt., Elec. Dept. Lehigh Plant, 
Bethlehem Steel Company, So. Bethlehem, Pa. 

Raysor, Earl L., Supt., Valley Mould & Iron Corp., Sharps 
ville, Pa. 

Rea, W. J., Asst. Elec. Supt., Saucon Plant, Bethlehem 
Steel Co., So. sethlehem, Pa 

Reed, J. C., Elec. Engr., Bethlehem Steel Company, Steel 
ton, Pa. ; 

Reeve, Geo., Chief Elect., Fort Pitt 
McKees Rocks, Pa. 

Reardon, W. E., Supt. Gasoline 
Co., Monroe, Louisiana. 
Reichert, A. L., Elect. Supt., Bourne Fuller Company, 1600 

Hanna Bldg., Cleveland, Ohio. 
Reichelderfer, Geo. E., 108 W. 4th Ave., Gary, Ind. 

Reid, C. A. A., Asst. Chief Elect., American Steel & Wire 
Company, Newburgh Steel Works, Cleveland, Ohio. 
Reiners, Jas. H., Elect. Engr., Pittsburgh Screw & Bolt 

Co., Pittsburgh, Pa. 


Franklin Div. Bethlehem 


Mould & Iron Corp., 


Malleable Iron Co., 


Plants, Southern Carbon 


—— 
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Richardson, Geo. W., 118 No. Lafayette Ave., Venton, 


Rigby, Geo. A., Genl. Supt., New Castle Works, Carnegie 
Steel Company, New Castle, Pa. 

Riggs, Wm. F., Elect. Supt., J. & L. Steel Corp., S. S. 
Works, Pittsburgh, Pa. 

Riles, James, Elect. Supt., A. M. Byers Company, Sixth 
and Bingham Streets, Pittsburgh, Pa. 

Riley, H. D., Genl. Foreman, American Rolling Mill Co., 
Middletown, Ohio. 

Ritchey, J. C., Elect. Engr., Pressed Steel Car Company, 
Pittsburgh, Pa. 

Roberts, S. N., Mech. & Elect. Supt., Atlantic Steel Com- 
pany, Atlanta, Ga. 

Robinson, M. S., Chief Elect., American Steel & Wire Co., 
114 Eleventh St., Donora, Pa. 

Roemer, Geo. R., Elect. Engr., Louisville, Ohio. 

Rogers, Wm., Chief Elect., Weirton Steel Company, Steu- 
benville, Ohio. 

Rosenquist, A. E., Elect. Des., Duquesne Works, Carnegie 
Steel Company, Duquesne, Pa. 

Ruggles, M. L., Chief Elect., American Steel & Wire Com- 
pany, Cleveland, Ohio. 

Ryan, W. T., Chief Engr., Wheeling Steel Corp., Steuben- 
ville, Ohto. 

S 

Sanders, E. N., Asst. Chief Elect., Fairfield Works, Tenn 
Coal, Iron & R. R. Co., Fairfield, Ala. 

Sawdey, R. S., Chief Elect., Van Dorn Iron Works, Cleve- 
land, Ohio. 

Sawyer, Luke E., Asst. Supt., Pittsburgh Seamless Tube 
Company, Beaver Falls, Pa. 

Sayer, James E., Asst. Chief Elect., Tenn. Coal Iron & R 
R. Co., Ensley, Ala. 

Schnure, F. O., Elect. Supt., Bethlehem Steel Company, 
Sparrows Point, Md. 

Schuette, R. W., Chief Engr., Taylor Wilson Mfg. Com- 
pany, McKees Rocks, Pa. 

Scully, J. D., Asst. Elec. Supt., National Wks., National 
Tube Company, McKeesport, Pa. 

Scovel, R. E., 8909 Vineyard Ave., Cleveland, Ohio. 

Seagle, C. B., Elect. Engr., American Bridge Company, 
Ambridge, Pa. 

Seashols, Charles, American Sheet & Tin Plate Co., Cleve- 
land, Ohio. 

Shaffer, Geo. W., Chief Elect., Carnegie Steel Company, 
McCutcheon Works, N. S., Pittsburgh, Pa. 

Schaeffer, Geo. H., Elect. Engr., The Carpenter Steel Com- 
pany, Reading, Pa. 

Sharkey, J. A., Chief Elect., Youngstown Sheet & Tube 
Co., Niles, Ohio. 

Shepherd, Russel R., Mech. & Elect. Supt., Lebanon Iron 
Company, Lebanon, Pa. 

Shirk, Wm. B., 405 Avenue “D”, East Pittsburgh, Pa. 

Shilling, Earl A., Chief Elect., Kokomo Steel & Wire Com- 
pany, Kokomo, Ind. 

Shoemaker, R. S., Supt. Maint., American Rolling Mill 
Company, Middletown, Ohio. 

Shover, Barton R., Consulting Engr., 424 Oliver Building, 
Pittsburgh, Pa. 

Siebert, H. C., Comb. Engr., Bethlehem Steel Company, 
Bethlehem, Pa. 

Simmons, R. M., Foreman Line Dept., Fairfield Works, 
Tenn. Coal Iron & R. R. Co., Fairfield, Ala. 

Simpson, H. C., Elect. Foreman, Erie Forge & Steel Com- 
pany, Erie, Pa. 

Skelly, C. B., Chief Elect., Newburgh Steel Works, Amer- 
ican Steel & Wire Company, Cleveland, Ohio. 

Slicer, H. T., Engr., Tyler Tube & Pipe Company, Wash 
ington, Pa. 

Smith, David, Elect. Engr., L. B. Walther & Sons, Torres 
dale Ave., & N. St., Philadelphia, Pa. 

Smith, Clifford J., Asst. Elec. Engr., Illinois Steel Com 
pany, So. Works, 3426 E. 89th Street, Chicago, III 

Smith, L. M., Engr., Alabama Power Company, Birming 
ham, Ala. 

Smith, W. W., Siles, Buck County, Pa. 

Smith, Edward C., V. Pres., Harrisburg Pipe & Pipe Bend 
Co., Harrisburg, Pa. 

Smith, H. W., Elect. Cable Dept., American Steel & Wire 
Company, Worcester, Mass. 

Snyder, W. T., Supt. Elect. Dept., National Tube Company, 
McKeesport, Pa. 
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Somers, N. L., Asst. to Wks. Mer., Algoma Steel Corp., 
Simcoe, Ont., Canada. 

Somme, Geo., Mer. R. M. Dept., Leflaive & Co. St 
Etienne, France. 

Sommerville, J. C., Chief Engr., P. H., Tenn. Coal, Iron 
& R. R. Co., Ensley Works, Ensley, Ala. 

Southgate, Geo. T., Grasselli Chemical Co., Grasselli, N. J 

Self, Hoyt D., 409 East 54th Street, Birmingham, Ala. 

Standing, A. J., Elect. Supt., Saucon Plant, Bethlehem Steel 
Company, Bethlehem, Pa. 

Stead, Earl E., Foreman Elect. Dept., Carnegie Steel Com- 
pany, Mingo Junction, Ohio 

Stansfield, Henry, Chief Elect., National Malleable Cast- 
ings Co., Sharon, Pa. 

Stark, W. P., Elect. Engr., Apollo Steel Company, Apollo, 
ra. 

Staubitz, L. P., Chief Elect., 2754 Hillcrest Avenue., Aiton, 
Ill. 

Steed, A. W., Supt. Power Div., American Rolling Mill 
Company, Middletown, Ohio. 

Stentz, F. W., Chief Draftsman, Gary Tube Company, 
Gary, Ind. 

Stivason, M. H., Chief Elect. & M. M., Morris & Bailey 
Steel Company, Wilson, Pa. 

Stewart, A. A., Elect. Supt., Pittsburgh Steel Products 
Co., Monessen, Pa. 

Stoughton, J. M., Supt. Power, National Tube Company, 
Ellwood Works, Ellwood City, Pa. 

Sturgess, Fred M., Chief Elect., American Steel & Wire 
Company, Fairfield, Ala. 

Sturgess, G. M., Night Elect., Illinois Steel Company, 
Gary, Ind. 

Strate, Geo. R., 719 Fulton Street, Keokuk, Iowa. 

Suppler, W. C., Elect. Supt., Tenn. Coal, Iron & R. R 
Co., Ensley Works, Ensley, Ala. 

Svensson, O. M., Ener., 534 Washington Avenue, Bridge 
ville, Pa. 

Swales, W. J., Supt. Const. & Dist., Cia. Cubana De Elect. 
Inc., Santiago de Cuba, Cuba. 

Sykes, Mr. Wilifred, Windemere Hotel, Hyde Park Station, 
Chicago, III. 


T 


Tate, Thos. R.. Engr., McClelland & Junkersfield, Inc., 
New York, N. Y. 

Terry, L. A., Elect. Foreman, National Tube Company, 
Lorain, Ohio. 

Thatcher, G. R., Elect. Engr., Midland Coke & Iron Corp., 
Granite City, IIL. 

Thompson, R. H., Asst. Supt. Fl. Dept., Carnegie Steel 
Company, New Castle, Pa. 

Thurby, Wm. O., Chief Elect., National Tube Co., Christy 
Park Wks., McKeesport, Pa. 

Tremallen, F. A., Foreman Tel. Dept., Bethlehem Steel 
Company, Johnstown, Pa. 

Trexler, Edwin, Comb. & Steam Engr., Bethlehem Stcel 
Company, Cambria Plant, Johnstown, Pa. 

Trigg, Edw. M., Elect. Shop Foreman, Ohio Works, Car- 
negie Steel Company, Youngstown, Ohio. 

Tucker, A. M. Chief Elect., American Bridge Company, 
Gary, Ind. 

Full, I. N., Elect. Engr., McKinney Steel Company, Cleve- 
land, Ohio. 

Tunney, Wm. J., Test. Engr., Youngstown Sheet & Tube 
Co., East Chicago, Ind. 


U 


Underoeffler, W. C., Asst. to Wks. Mer., Wyckoff Drawn 
Steel Company, Ambridge, Pa. 

Upp, Edwin L., Supt. Elect. Dept., Gary Tube Company, 
P. O. Box 1219, Gary, Ind. 

Urban, Henry D., Chief Elect., Newburgh Wire Works, 
American Steel & Wire Company, 8225 Jones Road, 
Cleveland, Ohio. 

Ungar, Mr. C. A., 481 8th Avenue, New York, N. Y 


V 


Vanderwaart, P. T., Engr., The New Jersey Zine Co., Pal- 
merton, Pa. 

Van Syckle, C. E., Dock Supt., McKinney Steel Company, 
Cleveland, Ohio. 

Voss, Paul, Chief Elect. Goodman Mfg. Company, 
Chicago, III. 
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Voorhies, Richard C., Elect. & Pwr. Supt., Morgan Engi- 
Company, Alliance, Ohio. 


Ww 


Homer A., 307 N. Third Street, Apollo, Pa. 
H., Elect. Engr., Acme Steel Company, River- 


neering 


Waddell, 
Wagner, J. 
dale, Ill. 


Walden, A. E., Hamilton Ave., Raspeburg P. O., Balti- 
more, Md. ; 
Waldron, Wm. E., Master Mech., American Sheet & Tin 


Plate Co., Shenango Works, New Castle, Pa. _ 
Wales, S. S., Chief Elect. Engr., Carnegie Steel Company, 
Pittsburgh, Pa. 


Wallrab, C. S., Master Mech., Calumet Steel Company, 
Chicago Heights, III. 
Walz, G. J., Asst. Elect. Engr., Steelton Plant, Bethlehem 


Steel Company, Steelton, Pa. 

Wampler, Mr. Leroy, 1506 Scott Street. McKeesport, Pa. 

Warner, H. S., 1 West Park Street, Albion, N. Y. 

Watson, F. C., Elec. Engr., International Nickel Co., Hunt- 
ington, W. Va. 

Watson, J. D., Foreman, Elect. Dept., Jones & 
Steel Company, Woodlawn, Pa. 

Watts, D. Hunter, Chief Elect., Birdsboro 
& M. Co., Birdsboro, Pa. 

Wentz, E. H., Supt. Elect. Dept., National Tube Company, 
Lorain, Ohio. 
Wesley, Jos., Elect. 
Pueblo, Colo. 
West, Jas. G., Jr., Gen. Supt., Eliza Furnace Department, 

JI. & L. Steel Company, Pittsburgh, Pa. 
Wetzel, S. M., Elect. Engr., Armstrong 
caster, Pa. 


Laughlin 


Steel Foundry 


Foreman, Colorado Fuel & Iron Co., 


Cork Co., Lan- 
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Wheeler, Harry E., Maint. Engr., American Steel Foundries, 
Alliance, Ohio. 

Wilson, G. W., Elect. Engr., 7 Taylor Ave., Parkville, Md. 

Arsenal, 


Wieland, Christian, Asst. M. Elect.,. Frankfort 
Philadelphia, Pa. 
Wiley, Frank A., Elect. Engr., Wisconsin Steel Works, 


South Chicago, Il. 
Wilson, A. B., Chief Elect., Weirton Steel Company, Clarks- 
burg, W. Va. 


Wilson, Jas. E., Elect. Supt., Treadwell Engineering Co., 
Easton, Pa. 
Winfield, E. C., Chief Elect., Tenn. Coal, Iron & R. R. 


Company, Edgewater Mine, Ensley, Ala. 
Wing, Gus. P., Foreman Elect. Dept., Gary Tube Company, 
Gary, Ind. : 
Winters, E. P., Asst. Pwr. Engr., Sloss Sheffield Steel & 
Iron Co., By-Products Department, P. O. Box 38, Bir- 
mingham, Ala. 
Witting, Albin G, Asst. Chief Enegr., 
pany, Gary Works, Gary, Ind. 
Wolverton, Walter, Elect. Engr., 
Coke Co., Jersey City, N. J. 
Wonder, W. L., Union Rolling Mill Co., Cleveland, Ohio. 
Woodhull, Fred H., Lukens Steel Company, Coatesville, Pa. 
Wynd, L. Aj, Chief Elect., Keystone Steel & Wire Co., 
Peoria, III. 
i 4 


Yauger, H. Thomas, Asst. Gen. Foreman, Gary Tube Com- 
pany, Gary, Ind. 
Z 


Zumpe, C. D., Draftsman, National Tube Company, Electric 
Department, McKeesport, Pa. 


Illinois Steel Com- 


Seaboard By-Products 





ASSOCIATE MEMBERS 


A 


Acker, Albert J., Sales Engr., Manning, Maxwell & Moore, 
Inc., 1005 Park Building, Pittsburgh, Pa. 

Adams, W. W., Elec. Salesman, The Erner Electric Co., 
‘Neveland, Ohio. 

\ddleman, J. C., Service Engr., Westinghouse Elec. & 
Mfg. Co., 7101 Penn Ave., Pittsburgh, Pa. 

Adkins, J. H., Secy., Shook & Fletcher Supply Co., Inc., 
3rown Marx Building, Birmingham, Ala. 
\hrens, A. G., Sales Engr., Westinghouse Elec. & Mfg. 

Co., East Pittsburgh, Pa. 
Albrecht, J. H., 614 Empire Building, Pittsburgh, Pa. 
\lexander, J. I, Manager Power Bureau, Duquesne Light 
Company, Pittsburgh, Pa. 
Allderdice, Norman, Sales Mgr., Manning Maxwell & 
Moore, Inc., 1005 Park Building, Pittsburgh, Pa. 
Allen, A. H., Dist. Mer., Triumph Electric Co., Philadel- 
phia, Pa. 
1107 Com- 


Bearing Co., 


\llen, Elliott A., Timken Roller 
monwealth Ave., Boston, Mass. _ 
Allewelt, R. L., Mgr. Ind. Spec., General Electric Com- 


pany, Witherspoon Building, Philadelphia, Pa. 

Alsaker, Alfred, Elec. Engr., Delta Star Electric Company, 
Chicago, IIl. 
Anderson, Arthur, A., Sales Mgr., Standard Underground 
Cable Co., Seventeenth and Pike Sts., Pittsburgh, Pa. 

Anderson, D. M., Elec. Engr., Westwood, N. J. 

Anderson, Walker, Jr., Sales Engr., General Electric Com- 
pany, Oliver Building, Pittsburgh, Pa 

Angstrom, C. J., Mech. Engr., 732 S. Millvale St., Pitts- 
burgh, Pa. 

Anjesky, A. J., Sales Mgr., Cleveland Crane & Engrg. Co., 
Wickliffe, Ohio. 

Annett, F. A., Assistant Editor, 
Tenth Ave., New York, N. Y. 

Appleton, John T., Comm. Engr., 
pany, Schenectady, N. Y. 

\renberg, A. L., 851 Washington Blvd., Chicago, III. 

Argo, M. M., Pres. & Megr., Birmingham Elec. & Mfg. Co., 
P. O. Box 2021, Birmingham, Ala. 

\rmor, Grant, Adv. Mgr., Electric Journal, 150 Broadway. 
New York, N. Y. ‘ 

Armstrong, G. H., Dist. Repr., Esterline Company, First 
National Bank Building, Cincinnati, Ohio. 

“. 7 Samuel, III, 1306 Fulton suilding, 
murgh, Pa. 


Power, Thirty-sixth and 


General Electric Com- 


Pitts- 


Arthurs, Addison E., Dist. Mgr., Bussmann Manufacturing 


Co., Bourse Building, Philadelphia, Pa. 


Ashmead, Henry C., Sales Agt., Kuhlman Electric Co., 
Birmingham, Ala. 
Auty, K. A., Sales Engr., Commonwealth Edison Co., 


Edison Building, Chicago, III. 
B 


Badenhausen, Phillips, Pres., Phillips Badenhausen Co., 
Cornwell Heights, Pa. 
Bailey, T. F., Pres., Electric Furnace Co., Alliance, Ohio. 


Bain, George F., Mill Repr., 5714 Howe Street, Pittsburgh, 
P 


a. 
Baker, R. L., Mgr., Ind. Power Serv., Metropolitan Edison 
Co., Reading, Pa. 
Ballard, Bon J., Dist. Mer., Reliance 
414 House Building, Pitisburgh, Pa. 
Bangert, John J., Sales Engr., Box 1328, Pittsburgh, Pa. 
Baninger, John H., Chief Engr., Marlin Rockwell Corp., 
Jamestown, N. Y. 
Barker, John H., 466 E. Seventh St., Brooklyn, N. Y. 


Elec & Engr. Co.. 


Barnard, F. H., Sales Engr. Morgan Engineering Com 
pany, Alliance, Ohio. 
Barnholdt, H. L., Designing Engr., Westinghouse Elec. 


& Mfg. Co., East Pittsburgh, Pa. 

Barnum, T. E., Chief Engr., Cutler Hammer Mfg. Co., Mil- 
waukee, Wis. 

Batchelder, W. O., Dist. & M. 
Elec. Co., Chicago, III. 

Batesole, Dwight E., The Norma Co. of America, Stam- 
ford, Conn. 

Baugh, H. A., Dist. Mgr., Shepard Elec. Crane & Hoist 
Co., Union Arcade, Pittsburgh, Pa. 

Beach, A. B., 2051 Evelyn Ave., Cleveland, Ohio. 

Beach, Earl B., Mgr., Earl B. Beach Company, 447 Oliver 
Building, Pittsburgh, Pa. 

Beasley, Thos. E., Chicago Sales Rep., Sundh Electric 
Company, 310 S. Michigan Ave., Chicago, III. 
Beatty, Wm. H., Dist. Mgr., Electric Controller & Mfg 
Co., Brown Marx Building, Birmingham, Ala. 
Beddoe, T. E., Branch Mgr., The Cutler Hammer Mfg 
Co., 1201 Chestnut St., Philadelphia Pa. 

Belanger, J. W., Comm. Engr., General Electric Co., 1321 
Walnut St., Philadelphia, Pa. 

Bell, Earl C., Sales Engr., Gee Electric Company, Wheel- 
ing, W. Va. 


Mer.,. P. Dept. General 
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ries, Bell, F. G., Pres., Zobell Electric Motor Corp., Garwood, VanCampen, J. H., Heavy Machinery Engr., Timken Roller 
. J. Bearing Co., Canton, Ohio. 
Md. Bercaw, O. H., Dist. Mgr., The Cutter Elec. & Mfg. Co., Cameron, W. D., General Electric Company, 230 Clark 
nal 53 West Jackson Blvd., Chicago, IIl. Street, Chicago, III. 
Bergendahl, A. H., 1555 Eddington Rd., Cleveland Heights, Carlson, Fred W., Sales Engr., Crouse Hinds Company, 
rks Ohio. Seattle, Washington. 
‘ Berkeley, L. R.,. c/o Rail Welding & Bonding Co., 1615 Carples, V. H., Sec. and Treas., L. J. Wing Mfg. Co., 352 
W. Thirteenth St.,. New York, N. Y. 


Collamer Avenue, Cleveland, Ohio. 





rks- Berresford, A. W., Hotel Lorraine, Fifth Ave., and 45th St., Carrick, G. S., Pres. and Gen. Mer., Carrick Engineering 
3 Maw Vast. OY. : ran jg rag ogy Paccggge Fy geo ¥ res 
Biggert, J. P., Dist. Repr., Tool Steel Gear & Pinion Co., a aa ales Mer., outh Racine Ave i 
R. _1310 Park Building, Pittsburgh, Pa. Cavitt, John S., Sec., Electrical Engr. & Mgr. Co., 907 
Bingay, R. V., Pres., Pitisburgh Transformer Co., Adams Penn Avenue, Pittsburgh, Pa. 
ny, _ St. & Preble Ave., N. S., Pittsburgh, Pa. ce Chambers, Earl, Mer., Electrical Section, Chicago Branch, 
Bittner, Wm. A. Mgr, Wm. A. Bittner Co., 422 First 900 S. Wabash Ave., Chicago, III. 
| & Ave., Pittsburgh, Pa. ‘ mae , Chappelle, C. W., Dist. Repr., Geo. D. Whitcomb Company, 
Bir- Bock, Ralph E., Mfgrs. Agt., W. H. Williams Company, 1008 House Building, Pittsburgh, Pa. 
53 W. Jackson Blvd., Chicago, Ill. 5 i Chesrown, E., Dist. Engr., Westinghouse Electric & Mfg. 
»m- Bordman, Samuel, Franklin Electric Co, 15 N. Seventh Co., 1804 Union Bank Building, Pittsburgh, Pa. 
Street, Philadelphia, Pa. _ : Christion, Ben. D., Dist. Mgr., Crocker Wheeler Elec. & 
icts Boxill, H. A., Route No. l, Box 26, Lawrenceburg, Pa. Mfg. Co., Cleveland, Ohio. 
Bonine, J. H., Elec. Field Engr. Lewis & Roth Co., 1012 Calebaugh, J. G. Genl. Mgr., Calebaugh Self Lub. Carbon 
Pe > Liberty Bldg., ie _ Sear Wiectsic C hi Co., 1503 Columbia Ave., Philadelphia, Pa. 
ra. — pe H., Des. Engr., Delta Star ectric Co. Chi- Clapper, C. L., Dist. Mgr., Brown Instrument Co., Olive: 
~ xO, : 7 ee tte ‘ ». 
Oo, Bradley, H. L., Vice Pres. and Treas., Allen Bradley Com- C me I nee. Pa. ee a. oe idl 
495 Clinton Street, Milwaukee, Wisc. am \ 9 vercsman, Wwenera -Hectric OMPaRny, 
pany, : : , . ar Witherspoon Building, Philadelphia, Pa. 
Bradley, Maurice B., Sales Engr., The Harnischfeger Corp., Gsiaeen Geka Mae Teen, Cae Wien “Cie 
mM - 612 Farmers Bank Building, Pittsburgh, Pa. an nse Ohio. - Ae Vo ecrrn pany, 
. " - > es -- — _ ati, ’ 
Bradshaw, Grant D., President, Andrews Bradshaw ( Coffman, Allen B., Dist. Mer., Reliance Elec. & Engr. Co., 


a President, Andr 
812 B. F. Jones Building, Putsburgh, Fa. 316 Perry Building, Philadelphia, Pa 


ic -ck, George D., 917 Nati 1 City Bank Building, Cleve : : : - : : . 
prac ee One D., — aad . 7 Cone, C. F., Sales Enegr., George J. Hagan Co., 1301 Cham 
Brenton, R. J., D. S. Mgr., The Johns-Pratt Co., 1007 _ ber of Commerce Bldg., Pittsburgh, Pa. _ 
Franklin Trust Building, Philadelphia, Pa. Conn, G. H., Sales Repr . P. O. Box 199, ¢ leveland, Ohio 
Breslove, Joseph, Consulting Engr., Oliver Building, Pitts- Conlee, Geo. D., Chief Engr., Republic Flow Meters Co., 
burgh, Pa. : 2240 Diversey Bivd., Chicago, Il. . ; 
Briggs, W. B., Dist. Mgr., Shepard Elec. Crane & Hoist Cook, Chas. S., Engr. Dept., Westinghouse Elec. & Mfg. 
| Co., 335 Gas Building, Chicago, IIL. ; _ Co., East Pittsburgh, Pa. 
ing Briggs, W. C., Secy. & Gen. Mgr., The Motorbloc Corp., Cook, R. J., Factory Repr., Van Dorn Tool Co., Cleveland, 
Summerdale, Frankford, Philadelphia, Pa. ' Ohio. 
‘o., Brittingham, Frank J.. Dist. Mgr., Cleveland Crane & Engr. Corrigan, John P., Salesman, National Metal Molding Co., 
Co., 511 Farmers Bank Building, Pittsburgh, Pa. 1100 Fulton Building, Pittsburgh, Pa. 
o. Broido, B. N., Chief Engr., The Superheater Co., 17 E. Corrigan, Roy A., The U. S. Graphite Co., 80. East Jackson 
Forty-second St., New York, N. Y. Blvd., Chicago, II. 
Brolinson, B. G., Engineer, James Howden & Co., Inc., Crane, J. B., Engineer, Ladd Water Tube Boiler Co.. 
25 Broadway, Room_ 830, New York, N. Y. First National Bank Building, Pittsburgh, Pa. 
Bromann_ Arthur L., Salesman, Central Electric Co., 316 Cra‘glow, H. H., 717 Wilson Ave., Columbus, Ohio 
0., So. Wells Street, Chicago, Ill. ‘ ae A Craven. C. Edgar, 905 Walnut Street, Philadelphia, Pa 
R a ai F., Iocal Mgr., General Electric Co., Birming- Coulehan, G. Wm., Sales Ener., Pittsburgh Transformet 
r ram, Ala. — 3 : Co., N. S., Pittsburgh, Pa. 
sh, Brooks, H. W., Cons. Engr., Fuller-Lehigh Co., Fullerton, Crippen, C. I., Penna. Gas & Electric Corp., 120 Broadway, 
7 a. ’ 3 : ait New York, N. Y. 
atten wanker’ Pe Engr., 1107 Benedum Trees Criss, George H., Mer., H. E. McCoy Company, 1023 Les 
: By yout em ° semer Building, Pittsburgh, P: 
mm Brown, Ravmond E., Heyl & Patterson, Inc., 51 Water PP wn Cc ae Mike "Salen +A Cr Hiads C 
Street, Pittsburgh, Pa. eat te Church Stre . Ne ae NY es Ne 
. Brown, George N., Vice President, Pittsburgh Transformer Cy or i | ed he gone tint & Steel Plant. Thay 
? Company, N. S., Pittsburgh, Pa. ee ieee ae ee a a a oO” a E ap 
Brown, John Edgar, Sales Engr., Harnischfeger Corp., 5102 se a Sag : en ' — 
Lancaster Ave., Philadelphia, Pa. rowel, + . io Te & Essex Aves., Narberth, Pa 
m Buckley, Sydney, Engr. Cr. Dept., Niles-Bement-Pond Co. Cryder, Jas. W., Mer. Tr. Sales., Rumsey Electric Com 
Mifflin and Meadow Sts. Philadelphia, Pa. pony, TEst Avch street, PHneeeee, Fs 
PC. Burd, F. J., Sales Engr., Cutler Hammer Mfg. Co., 323 Culbertson, A. C., Mer., Chapman Stein Furnace Co., Mt 
7 North Michigan Ave., Chicago, IIL. + eee ae, } mic, ie 
il- Burns, Edward P., Sales Mer., V. V. Fitting Co., Phila- Culbertson, W. R., Sales Engr., The Champan Stein Fur 
delphia, Pa. nace Co., Mt. Vernon, Ohio. 
‘al Burney, Charles, Mgr. Elec. Dept.. Moore Handley Hard- Cullinane, G. N., Sales Engr., Westinghouse Electric & 
ware Co., Birimngham, Ala. P _ Mfg. Co., St. Louis, Mo. 
n- Burrage, Claude * Elec. Engr., 6969 Frankstown Ave.,. ( utting, M. B.. Cutter Electric & Mfg. Co . 413 Newman 
| Pittsburgh, Pa. Stern Building, Cleveland, Ohio. 
st Burrill, P. J., Salesman, Sundh Electric Co., 517 Bangor 
Building, Cleveland, Ohio. “ee D 
er a samen Bg “0 scouting Co., Twenty-first Daniels, Marian, Salesman, Keystone Lubricating Company, 
anc carne ots., adeipnia, fa. 3633 South Racine Ave., Chicago, III. 
‘ic Cc Davis, R. W., Sales Engr., Allis Chalmers Mfg. Co., Mil 
= * : ; waukee, Wis. 
= Cain, Peter, Sales Megr., Philadelphia Storage Battery, a ‘ ‘ : 
L: Philadelphia, Pa Davis, Mr. J. B., 1004 Evergreen Ave., Millvale, Pa. 
g. Caine, Irving D., Elec. Div., Tenn. Coal Iron & Railroad Davison, N. C., Pres., N. C. Davison Gas Burner & Weld 
Co., Blocton, Ala. ing Co., 2939 Smallman Street, Pittsburgh, Pa. 
21 Caldwell, Paul, Salesman, General Electric Co., Pittsburgh. Davison, C. L., Sales Engr., General Electric Company, 
wi Philadelphia, Pa. 
A. Calhoun, E. N., Sales Megr., Edwin L. Wiegand Co., 422 Davison, H. M., Sales Mer., The Hayward Co., 50 Church 
First Avenue, Pittsburgh, Pa. Street, New York, N. Y. 
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Day, Ezra H., Sales Engr., Engineering Equipment Co., 
306 Otis Building, Philadelphia, Pa. 

Deans, William, Chief Cons. Engr. & Mgr., Sundh Electric 
Co., 5 Avenue C., Newark, N. J. 

Deary, John E., Branch Mgr., The Haughton Elevator & 
Mach. Co., 514 Market Street, Pittsburgh, Pa. 

DeCoursey, W. L., Dist. Sales Mer., Economy Fuse & Mfg. 
Co., 1006 Peoples Bank Building, Pittsburgh, Pa. 

Delehaunty, M. J., Mgr., Elec. Wire Sales Division, U. S. 
Rubber Co., 110 7th Ave., Pittsburgh, Pa. 

DeFries, Walter, 334 Oneida St., Monessen, Pa. 

DeMott, R. H., Genl. Sales Megr., SKF Industries, 
165 Broadway, New York, N. Y. 

Diver, Paul H., Mer. of Sales, The Ohio Electric & Con- 
troller Co., 5900 Maurice Ave., Cleveland, Ohio. 

Donnan, D. M., Pres., Electrical Engrg. & Mfg. Co., 907-9 


Inc., 


Penn Avenue, Pittsburgh, Pa. 

Dorworth, W. J., Salesman, General Eeltcire Co., Balti- 
more, Md. 

Dowling, Eugene, Mer., Johns Manville, Inc., Westing- 
house Building, Pittsburgh, Pa. 

Dowling, M. H., Sales Engr., Johns Manville, Inc., Pitts- 


burch, Pa. 
Downs, Jas. R., Pgh. Office, Burke 
Oliver Building, Pittsburgh, Pa. 
Dreyer, A. J., Dist. Megr., The Harnischfeger 
Farmers Bank Bldg., Pittsburgh, Pa. 
Duersten, W. E., Vice Pres. in Chge. Operation, American 
Resister Co., 4197 Plankinton Bldg., Milwaukee, Wis. 
Duffey, A. J., Sales Agt. General Electric Co. 700 
Antoinette St., Detroit, Mich. 

Dunmire, R. P., Dist. Megr., Kondu Division, Erie Malleable 
Iron Co., 805 Widener Building, Philadelphia, Pa. 

Dycherhoff, A. H., Cons. Engr., Sargent & Lundy, 72 West 
Adams Street, Chicago, III. 

Dyer, A. C., Dist. Mgr., Electric Controller 
1539 Oliver Building, Pittsburgh, Pa. 


Electric Company, 


Corp., 612 


& Mfg. Co., 


E 


Eastwood, Harry W., Salesman, Cutler Hammer Mfg. Com- 

239 Guardian Building, Cleveland, Ohio. 

. C., Sales Engr., General Electric 

Marx Bldg., Birmingham, Ala. 

Mer. Publ. Dept., The R. 
Co., East Liverpool, Ohio. 

Edmiston, J. J., Dist. Sales Mgr., United States Graphite 
Co., Philadelphia, Pa. 

Edmiston, R. J., Salesman, The U. 
Fulton Building, Pittsburgh, Pa. 

Ehler, John, Sales Engr., 1127 Lapash 
burgh, Pa. 

Eissler, Robert E., Dist. Mer., Chicago 
Co., 10 Wood Street, Pittsburgh, Pa. 
Ellis, R. H., Sales Engr., Westinghouse Elec, & Mfg. Co., 
1400 Chamber of Commerce Bldg., Pittsburgh, Pa. 
Ellman, Louis, M. H. Detrick Company, Empire Building, 

Pittsburgh, Pa. 
Ericson, F. E., Elec. Div., 165 Broadway, New York, N. Y. 
Erikson, D. J., Sales Mgr., The Hagan Corporation, Pitts- 
burgh, Pa. 


pany, 1 
Ebbert, S 
Brown 
Ecker, G. E., 


Company, 


Thomas & Sons 


S. Graphite Co., 1229 
Road, N. S., Pitts- 


Pneumatic Tool 


Eustice, A. L., Pres... Economy Fuse & Mfg. Co., Green- 
view Ave., & Diversey Pkwy., Chicago, III. 
Evans, Walter H., Dist. Repr., The Tool Steel Gear 


& Pinion Co., 1019 McCormick Building, Chicago, III. 


F 


Fader, W. L., Mgr. Ind. Dept., Union Electric Co., Liberty 
Avenue, Pittsburgh, Pa. 

Fair, Louis, Salesman, V. V. Fittings Co., 710 W. Jackson 
Blvd., Chicago, III. 

Fairbanks, H. C., Coml. Engr., Turbine Department, Gen- 
eral Electric Company, Schenectady, N. Y. 


Farrar, Norman, Dist. Sales Engr., Harnischfeger Corp., 
Milwaukee, Wis. 
Farrell, Samuel, Dist. Repr., Rollway Bearing Co., Inc., 


Youngstown, Ohio. 
Ferree, Jay W., Chief Estimator, Edgar Thomson Works, 
Carnegie Steel Company, Braddock, Pa. 
Fetherling, H. G., 826 Gearing Ave., Pittsburgh, Pa. 
Feldman, Walter H., Central Sales Megr., Electric Ma- 
chinery Co., Minneapolis, Minn. ' 
Fetherolf, C. E., Supv. Mech. & 
Mfg. Co., Columbus, Ohio 


Elec. Dept., The Jeffrey 
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Feuchter, R. J., 1563 Cohassett Ave., Lakewood, Ohio. 


Finks, G. H., Engr., Commercial Department, Alabama 
Power Co., Birmingham, Ala. 
Finnicum, J. L., Mgr. Industrial Dept., Western Electric 


Co., 6304 Stanton Ave., Pittsburgh, Pa. 
Fishback, F. R., Pres., Electric Controller 
Cleveland, Ohio. 
Findlay, S. M., Foreman, National Tube Co., Lorain Works, 
Elyria, Ohio. 


& Mfg. Co., 


Fishel, Anthony D., Sales Engr., A. D. Fishel Co., 942 
Engineers Building, Cleveland, Ohio. 
Fisher, Dana H., Mgr., V. V. Fittings Co., 532 South 


Canal Street, Chicago, IIl. 

Fisher, C. W., Sales Engr., 
Cleveland, Ohio. 

Fisher, Harry J., Dist. Sales Mgr., Reliance 
Co., Cleveland, Ohio. 

Fisher, D. W.,:'P. O. Box 386, Reading, Pa. 

Fiske, R. F., Sales Engr., R. D. Nuttal Co., Pittsburgh, Pa 

Fitch, W. H., Mer., Metallurgical Dept., Fuller Engineering 
Co., Fullerton, Pa. 

Fleche, J. R., care of Ste Chavanne-Brun 
Laffitte, Paris (9e), France. 

Fliescher, T. J., Crouse Hinds Company, Philadelphia, I 

Flippen, J. P., Dist. Sales Megr., 781 Union Arcade, Pitts- 
burgh, Pa. 

Flock, J. B., Dist. Mgr., Lincoln 
Trust Building, Pittsburgh, Pa. 

Foote, E. T., Mgr., Magnet & Clutch Dept., Cutler Hammer 
Mfg. Co., Milwaukee, Wis. 

Frey, Geo. W. C., Repr., Allis-Chalmers Mfg. Co., 
3uilding, Philadelphia, Pa. 

Freyn, Henry J., Pres., Freyn Engineering Co., 310 South 
Michigan Ave., Chicago, III. 

Friday, E. C., Dist. Mer., Corliss Carbon Co., 
trobe Ave., Chicago. Il. 


Interstate Co., 


McMyler 


Ener 


Elec. & 


Freres, 56 Rue 


"a. 


Electric Co., 994 Union 


Atlantic 
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Fulton, James S., Spec. Repr., Ingersoll Rand Co., 706 
Chamber of Commerce Bldg., Pittsburgh, Pa 

Fullerton, H. L., President, Indu&trial Electric Co., West- 
inghouse Bldg., Pittsburgh, Pa. 

G 

Gadsby, G. M., Vice Pres., West Penn Power Co., West 
Penn Power Bldg., Pittsburgh, Pa. 

Gallagher, T. E., Eastern Serv. Mer., Harnischfeger Sales 


Corp., 5102 Lancaster Ave., Philadelphia, Pa. 

Galusha, D. G, Elec. Engr., Dwight P. Robinson & Co., 
Inc., 125 E. 46th St., New York, N. Y. 

Gano, T. R., 1422 Beechview Ave., Pittsburgh, Pa 

Gates, Robert M., Mer., The Superheater Co., 17 East 42nd 
St., New York, N. Y. 

Geiser, W. W., Co-operative Service 
N. 11th St., Philadelphia, Pa. 

Gibb, S. W., Dist. Mer., Yale & Towne Mfg. Co., 
St., Sewickley, Pa. 


& Supply Co., 4630 


307 Grant 


Gerber, E. G., Sales Engr., National Carbon Co., Arrott 
Power Bldg., Pittsburgh, Pa. 

Gifford, E. E., Sales Engr., General Electric Co,, Illumi 
nating Bldg., Cleveland, Ohio. 

Giles, Crs. 820 Arlington Ave., McKeesport, Pa. 

Gillie, Harry C., Asst. Sales Mgr., Cleveland Electric Illu 


minating Co., 111 Illuminating Building, Cleveland, Ohio. 
Gillis, Geo., Oak Apartments, 8th Street, Monessen, Pa. 
Gilpin, C. D., Dist. Repr., Baker R. & L. Company, 615 
Atlantic Building, Philadelphia, Pa. 


Given, R. D., Mer. Engr. Dept., The British Thomson 
Houston Co., Rugby, England. 
Glasgow, Mark W., Salestnan, Western Electric Co., 37 


Water Street, Pittsburgh, Pa. 

Gledhill, John H., Salesman, 725 
phia, Pa. 

Gledhill, H. W., Eastern Sales Megr., Shepard Elec. Crane 
& Hoist Co., 706 City Centre Bldg., 121 N. Broad St., 
Philadelphia, Pa. 

Gloeckner R. D., Salesman, V. V. 
St., Philadelphia, Pa. 

Godard, Frank B., Dist. Sales Mgr., United States Graphite 
Co., 1229 Fulton Building, Pittsburgh, Pa. 

Goin, Newbold G., Salesman, Westinghouse Elec. & Mfg 
Co., Chamber of Commerce Building, Pittsburgh, Pa. 
Gooding, R. F., Dist. Mer., Condit Mfg. Co., 921 

Empire Building, Pittsburgh, Pa. 


Bulletin Bldg., Philadel 


Fittings Co., 711 Cherry 


Electric 
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Goodhue, A., Vice Pres., Chicago Pneumatic Tool Com 
pany, 6 East 44th Street, New York, N. Y. 

Gove, E. J., Sales Engr., Cutler Hammer Mfg. Co., Century 
Building, Pittsburgh, Pa. 


Graham, James, Lub. Ener., Universal Lubricating Co., 


Cleveland, Ohio. 

Graves, J. M., Vice Pres. & Genl. Mgr., Duquesne Light 
Company, 435 Sixth Ave., Pittsburgh, Pa 

Greagan, John J., Sales Engr., Allis-Chalmers Mig. Co., 
Birmingham, Ala. 

Green, J. L., National Carbon Company, Inc., 7th Floor 
Arrott Power Bldg., Pittsburgh, Pa. 

Griffith, H. S., Crane Service Engr., Shaw Electric Cran 
Company, Park Building, Pittsburgh, Pa. 

Griffith, J. B., Dist. Sales Mgr., Economy Fuse & Mfg 
Company, 1572 Hanna Building, Cleveland, Ohio 

Gross, Paul T., Reliance Elec. & Engr. Co., 52 Vander 
bilt Ave., New York, N. Y. 

Gumm, L. M., Salesman, Industrial Division, Westinghouse 
Elec. & Mfg. Co., 2211 W. Pershing Road, Chicago, Ill 


H 


Hain, M., President, Electrical Maintenance-Co., 6 E. led 
eral Street, Youngstown, Ohio 

Haines, Jos. C., Com, Engr., Iron City Electric Co., Seventh 
Avenue, Pittsburgh, Pa. 

Halen, Wm. B., Sales Mgr., R. B. Montgomery & Co., 1106 
First National Bank Bldg., Pittsburgh, Pa. 

Hall, G. W., Dist. Sales Mgr., Keystone Lubricating Co., 
1102 House Building, Pittsburgh, Pa. 

Hamilton, C. E., Jr., E. E., Heyl & Patterson, Inc., Pitts 
burgh, Pa. 

Hammond, J. A., National Carbon Co., 612 Empire Bldg., 
Birmingham, Ala. 

Hanff, E. A., Elec. Engr., Wm. Swindell & Bros., Pitts 
burch, Pa. 

Hardcastle, H. K., Dist. Mer., The Electric Controller & 
Mfg. Co., Witherspoon Bldg., Philadelphia, Pa 

Hare, B. T., Sales Megr., Rumey Electric Company, 1007 
Arch Street, Philadelphia, Pa. 

Harlow, C. B., 120 S. Sangamon St., Chicago, III 

Harnischfeger, Henry, Pres., Harnischfeger Corp., Mil 
waukee, Wis. 

Harries, Herbert J., 7212 Thomas Blvd., Pittsburgh, Pa 

Harrington, N. F., 187 Greenwald Ave., Emsworth, Pa 

Harris, J. B., Jr., Harris and Butler Co., Real Estate Trust 
Bldg., Philadelphia, Pa. 

Harris, C. F., Room 925, 310 South Michigan Ave., Chi 
cago, Ill. 
Harrison, Ward, Director, Illuminating Ener., 
Lamp Works, Nela Park, Cleveland, Ohio 
Harrison, Chas. V. P. & G. M., Robbins Electric Co., 
Liberty Avenue, Pittsburgh, Pa: 

Harrison, George R., Wire & Steel Mill Spec., 
Crane & Ener. Co., Wickliffe, Ohio. 

Harpham, L. J., Pres., National Air Filter Co., 9 South 
Clinton St., Chicago, IIl. 

Harrington, E. L., Chief Engr., G. H. Williams Company, 
Erie, Pa. 

Harrison, Wm. E., 422 Hillsdale Ave., Jenkintown, Pa 

Hause, Benj. S., Sales -Engr., Braunlich Roessle Co., 3317 
Penna. Ave., Pittsburgh, Pa. 

Hausen, Raymond F., Pres., Pittsburgh Carbon Brush Co., 
127 Fancourt St., Pittsburgh, Pa 

Hausman, C. A., Salesman, Crouse Hinds Company, P. O 
30x 1877, Atlanta, Ga. 

Heller, L. W., 2015 East 46th Street, Cleveland, Ohio 

Henderson, S. E. M., Switchboard Ener., Canadian General 
Electric Co., 212 King Street, W. Toronto, Ont., Canada 

Henderson, C. 7 Great Western Electro Chem. Co.,, 
9 Main Street, San Francisco, Cal 

Henricks, A. G., Vice Pres. & Genl. Mer., 
Corp., Milwaukee, Wis 

liegerty, P. F., Salesman, M. H. Dertick Co., 140 S. Dear 
born St., Chicago, II. 

Herbig, R. O., Dist. Mer., Reliance Elec. & Ener. Co., 
Room 1515, 431 South Dearborn St., Chicago, III. 

Herr, Benj. M., Sales Engr., Herr Harris Co., Fulton Build 
ing, Pittsburgh, Pa. 

Heuser, J. E., Sales Mer., 
waukee, Wis. 

Hickle, C. M., Sales Mer., Automatic Reclosing Cir. B. Co., 
Columbus, Ohio 


National 


Cleveland 


Harnischfeger 


Cutler Hammer Mfg. Co., Mil 


Jackson, J. W., Mer., John C 


Jackson, i 8 A., 


Jackson, W. C., Sales Engr., 


James, Henry D., Manager Control Engr 


Johnson, S. P., Niles Bement Pond Co., 
Johnson, P. O., 235 White Horse Pike, Audubon, N. J 
Johnson, W. J., Dist. Mgr., Lidgerwood Mfg. Co., 1113-14 


Johnson, Wm. J., Sales Engr., Edgar FE. 


Hitchcock, Morley H., Vice Pres., Reliance Electric & 
Engr. Co., Cleveland, Ohio. 

Hodgdon, Thos. G., Prop., Franklin Electr. Const. Co., 330 
Liberty Ave., Pittsburgh, Pa. 

Hodgdon, C. R., Pres. & Treas., Franklin Elec. & Const. 
Co., Liberty Avenue, Pittsburgh, Pa. 

Hodson, Frank, Consulting Metl. 1015 Chestnut Street, 
Philadelphia, Pa. 

Hoffman, A. G., Sales Engr., General Electric Company, 
230 South Clark Street, Chicago, III. 
Hogrebe, A. E., Consulting. Engr., Alfred Box & Company, 
East Ontario St. & Trenton Ave., Philadelphia, Pa. 
Hohmann, Jos. J., Salesman, Standard Underground Cable 
Co., 1548 Conway Bldg., Chicago, II] 

Holcomb, A. B., Mer., Pgh. Office, Corliss Carbon Co., 
346 Union Arcade, Pittsburgh, Pa 

Holmes, W. T., Vice Pres., Monitor Controller Company, 
514 E. Lanibard St., Baltimore, Md. 

Holveck, J. E., Aldrich Pump Co., 1209 Empire Bldg., 
Pittsburgh, Pa. 

Hommel, Ludwig, Pres., Ludwig Hommel & Co., 929 Penn 
Avenue, Pittsburgh, Pa. 

Hopwood, J. M. President, The Hagan Corporation, Bow- 
man Building, Pittsburgh, Pa 

Hord, Peyton R., Pgh. Mer., American Engineering Co., 
727 Oliver Building, Pittsburgh, Pa 

Horgan, J. G. Genl. Power Sales Engr., The Ohio Public 
Service Co., Cleveland, Co. 

Horton, B. D., Pres., Square D Co., Detroit, Mich. 

Holcombe, O. L., 134 Oakmont Ave., Upper Darby, Pa. 

Hovey, A. F., Mgr. Const., Standard Underground Cable 
Co., 17th & Pike Sts., Pittsburgh, Pa 

Howard, L. C., Sec. & Treas., Green Equipment Corp., 
Monadnock Block, Chicago, III 

Hussey, H. B., 47 North Park Ave., Buffalo, N. Y 

Humiston, H. A., Sales Engr., National Carbon Co., Inc., 
Cleveland, Ohio 

Hume, J. FE. N., Mer. of Sales., Steel Mill Section, Indus- 
trial Dept., General Electric Company, Schenectady, N. Y 

Hurme, E. A., Manager, Electric Furnace Section, West 
inghouse Elec. & Mfg. Co., East Pittsburgh, Pa 

Hurtt, George W., Sales Engr., Beckwith Machinery Co., 
N. S., Pittsburgh, Pa. 

Huston, C. B. Comm. Engr., P. & M. Engr. Department, 
General Electric Company, Schenectady, N. Y 

Hutcheson, Mr. J. P., Cleve. Mgr., Electric Engr. & Mfg 
Co., 422 Union Bldg., Cleveland, Ohio. 

I 

Ireland, J. M., 1876 Windemere St., East Cleveland, Ohio 

Iremonger, R. S., Benjamin Elec. & Mfg. Co., 243 W 
17th St., New York, N. Y. 

Irwin, H. L., Sales Engr., Electric Mfg. & Repair Co., 902 
Chateau St., Pittsburgh, Pa 


J 


: Dolph Co., 168 Emmet 
Street, Newark, N. J 


Application Engr. on Material Handling, 
General Electric Company, Schenectady, N. Y 


Jackson, W. A., Pres., W. A. Jackson Company, Chicago, 


Ill. 

Electric Controller & Mfg. 
Co., Cleveland, Ohio. 

Dept., West- 
inghouse Elec. & Mfg. Co., East Pittsburgh, Pa 


James, Wm. F., Dist. Mer., Westinghouse Elec. & Mfg 


Co., Philadelphia, Pa. 


Jannsen, H. F., Sales Engr., Allis Chalmers Mfg. Co., 711 


Atlantic Building, Philadelphia, Pa. 


Jaques, Jos., 305 Seventh Ave., Pittsburgh, Pa 
Jessop, F 


W., President, Ohio Electric & Controller Co., 
5900 Maurice Ave., Cleveland, Ohio. 


Johnson, R. T., Sales Engr., Electric Controller & Mfg. Co., 


1539 Oliver Building, Pittsburgh, Pa. 


Plainfield, N. J 


Union Bank Building, Pittsburgh, Pa. 
srosius Cont. 
Engr., 1107 Benedum Trees Bldg., Pittsburgh, Pa. 


Johnson, Harvey Howard, Elec. Engr., Westinghouse Elec 


& Mfg. Co., East Pittsburgh, Pa. 


Johnston, S. M., Treasurer, Pittsburgh Transformer Co., 


N. S., Pittsburgh, Pa. . 








Jones, Paul S., Dist. Mgr., Cutler Hammer Mfg. Co., 950 
Century Building, Pittsburgh, Pa. 

Jones, T. M., Salesman, Shook & Fletcher Supply Co., 
Birmingham, Ala. 

Joralemon, L. D., Sales Engr., Weston Electrical Instr. 
Co., 112 South 16th Street, Philadelphia, Pa. 

Johnson, Arthur C. K., Elec. Sales Engr., V. V. 
Co., 710 West Jackson Blvd., Chicago, III. 

K 
Gen. Mer., Corliss Carbon Company, Brad- 


Fittings 


Kalb, W. C., 
ford, Pa. 
Keim, L. H., Oil Well Supply Co. of California, Los An- 
geles, Calif. 

Keller, Arthur C., Chief Elec. Engr., The Harnischfeger 
Corp., Milwaukee, Wise. 

Kelly, J. M., Sales Engr., Hyatt Roller Bearing Co., Union 
Trust Bldg., Pittsburgh, Pa. 

Kelly, A. T., Salesman, Stackpole Carbon Co., 2281 Bell- 
field Ave., Cleveland Heights, Ohio. 

Kennedy, Walter, Dist. Mgr., Celite Products Co., 80] 
Keenan Bldg., Pittsburgh, Pa. 

Kennedy, Jos., Engr., Julian Kennedy, Bessemer Bldg., 
Pittsburgh, Pa. 

Kilkenny, H. W., Mer., Ohio Brass Company, Oliver Bldg., 
Pittsburgh, Pa. 

“irkland, J. L., 810 Marquette Bldz., Chicago, III. 

Kneass, S. Jr., Genl. Mgr. & Chief Engr., Costello Engi- 
neering Co., Oliver Bldg., Pittsburgh, Pa. 

Knox, Charles, Jr., Sales Engr., Crouse Hinds Co., Syra- 
cuse, N. Y. 

Kleinhans, H., H. Kleinhans Co., Union Trust Bldg., Pitts- 
burgh, Pa. 

Kodjbanoff, B. G, Mer., Benjamin Elec. Mfg. Co., 247 W. 
Seventeenth Strect, New York. N. Y. 

Kunkle, J. S., Bourse Bldg., Philadelphia, Pa. 

Kuzel, Robert Is, Dist. Mer., Wheeler Reflector Ca. 616 
St. Clair Ave., N. E., Cleveland, Ohio 

L 

Latterty,’C. C., Dist. Sales Mgr., Chicago Fuse Mfg. Cu., 
1244 Cook Ave., Cleveland, Ohio. 

Lail, G. G, Engineer, General Electric Company, 1315 
Oliver Building, Pittsburgh, Pa. 

laMar, Mr. Frank C., Genl. Mer., Great Western Re- 
Fillable Fuse Co., 108 Smithfield Street, Pittsburgh, Pa. 

Lamberger, L. J., Power Sales Engr., Duquesne Light Co., 
Pittsburgh, Pa. 

Lamberton, G. A., Elec. Foreman, National Tube Company, 
Lorain, Ohio. 

Lammers, E. S., Industrial Sales Dept., Westinghouse Elec. 
& Mfz. Co., East Pittsburgh, Pa. 

Lanning, J. Frank, Pres., J. Frank Lanning Co., 327 First 
Ave., Pittsburgh, . Pa. 

lapidos, Robert H., 1274 Jackson Ave., Lakewood, Ohio. 

Lavine, Saul, Sales Engr., General Electric Company, 
Oliver Building, Pittsburgh, Pa. 

Lawrence, John B., Sales Engr., Keystone Lubricating Co., 
Philadelphia, Pa. 

Leathers, H. M., care of The Dingle Clark Co., 311 Ross 
Street, Pittsburgh, Pa. 

Leech, R. W., Salesman, Westinghouse Elec. & Mfg. Co:, 
Chamber of Commerce Bldg., Pittsburgh, Pa. 

Liethold, H. W., President, Adelphia Electric Co., 239 
South Fifth Street, Philadelphia, Pa. 

Lemon, A. L., Elec. Engr., General Machinery Company, 
Birmingham, Ala. 

Lewis, John R., Dist. Mgr., Crocker Wheeler Elec. Mfg. 
Company, 300 Penn Avenue, Pittsburgh, Pa. 

Lincoln, E. S., Consulting Engr., Littleton, N. H. 

Leidy, H. Kenneth, Sales Repr., Electric Controller & Mfg. 
Co., 732 Witherspoon Bldg., Philadelphia, Pa. 

Lininger, C. R., Dist. Mer., Pittsburgh Transformer Co., 
724 Harris Trust Bldg., Chicago, III. 

Lintern, Alfred R., Secretary, The Nichols-Lintern Co., 
Cleveland, Ohio. 

Little, Thomas, 3 Orchard Place, Dravosburg, Pa. 

Lounsbery, Geo. H., Salesman, Western Elec ric Co., 500 
S. Clinton St., Chicago, III. 

lLueas. H. N., Sales Engr., Westinghouse Elec. & Mfg. Co., 
Thirtieth and Walnut Streets, Philadelphia, Pa. 

Mc 

MacCutcheon, A. M., Chief Engr., Reliance Electric & En 

vineering Co., Ivanhoe Rd., Cleveland, Ohio. 
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MacGregor, Roy A., Dist. Megr., Lakewood Engineering 
Co., Union Arcade, Pittsburgh, Pa. 

McChesney, A. B., Crouse Hinds Company, 5-113 General 
Motors Bldg., Detroit, Mich. 

McCleary, C. D., Sales Megr., Western Electric Co.,_ Inc., 
910 River Ave., Pittsburgh, Pa. 

McCleave, James, Sales Engr., George Worthington Co., 
Cleveland, Ohio. 

McCoy, James M., Sales Engr., Moccasin Bushing Co., 
735 Franklin Ave., Wilkinsburg, Pa. 

McCoy, James J., Sales Engr., Arrow Electric Co., 608 
Chamber of Commerce Bldg., Pittsburgh, Pa. 

McCullough, C. H., President, C. H. McCullough Engineer- 
ing Co., 2337 Oliver Bldg., Pittsburgh, Pa. 

McCusker, W. M., Sales Engr.-Branch Megr., The Holtzer 
Cabot Electric Co., 1101 Benedum Trees Bldg., Pitts- 
burgh, Pa. ‘ 

McDaniel, R. C., 717 Southern Ave., Mt. Washington, Pitts- 
burgh, Pa. 

MacDonald, Jas. U., 430 Biddle Ave., Wilkinsburg, Pa. 

McDowell, C. C., Salesman, General Electric Co., 1100 Elec- 
tric Bldg., Buffalo, N. Y. 

McGinnis, Thomas P., Sales Repr., The Pyle National Co., 
Chicago, II 

McTlvain, J., 340 Duquesne Way, Sewickley, Pa. 

McIntyre, B. F., Dist. Mgr., Industrial Controller Co., 51: 
Meriam Bldg., Cleveland, Ohio. 

McKelvey, A. B., Salesman, Westinghouse Elec. & Mfg. 
Co., Chamber of Commerce Bldg., Pittsburgh, Pa. 

McKinley. Jos., C. G. Agt., Duquesne Light Co., 435 Sixth 
Ave., Pittsburgh, Pa. 

McNeely, Jas. C., Light Spec., Western Electric Co., 910 
River Ave., Pittsburgh, Pa. 

McPadden, Jas. H., Secretary, Quigley Furnace Specialties 
Co., 26 Cortlandt St., New York, N. Y. 

McC. Price, John, Dist. Mgr., Industrial Controller Co., 
608 So. Dearborn St., Chicago, Ill. 

McQuillen, J. J., Dist. Repr.. Morgan Engineering Co., 1216 
Oliver Bldg., Pittsburgh, Pa. 

McShane, Phelan, Genl. Engr., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

McVaugh, H. W., Pgh. Sales Mer., The Cutter Elec. & 
Mfg. Co., 901 Park Bldg., Pittsburgh, Pa. 

McWilliams, A. J., Princeton Place, Swissvale, Pa. 

McNeill, E. H., Sales Engr., Okonite Co., 310 So. Michigan 
Ave., Chicago, Ill 


Jt 


M 


Maguire, M T., Mgr. Pgh. Dist., Bartlett Hayward Co., 
317 Oliver Bldg., Pittsburgh, Pa. 
Maize, William R., Sales Engr., Ridgeway Dynamo & En- 
gine Co., Room 205-7016 Euclid Ave., Cleveland, Ohio. 
Malley, John J., Elec. Foreman, American Steel & Wire 
Co., 3825 Independence Road, Cleveland, Ohio. 

Mallon, Geo. J. 1511 N. Seventeenth St. Philadelphia, Pa 

Maloney, C. J., Dist. Mgr., Cutler Hammer Mfg. Co., 323 
N. Michigan Ave., Chicago, III. 

Mahoney, F. D., West Penn Power Co., West Penn Power 
Bldg., Pittsburgh, Pa. 

Manbeck, Park D., Development Engr., 1833 Alvason Rd.., 
East Cleveland, Oh‘o. 

Mann, S. W., Consulting Engineer, 533 Union Arcade, 
Pittsburgh, Pa. 

Mantle, G. D., President, Mantle Engineering Co., Oliver 
Bldg., Pittsburgh, Pa. 

Marsh, J. D., Westinghouse Elec. & Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 

Martin, H. F., Elec. Foreman, Jones & Laughlin Steel Co., 
Woodlawn, Pa. 

Martignone, V., General Electric Co., 1102 Union Trust 
Bldg., Cleveland, Ohio. 

Martindale, FE. H., Gen. Mer., Martindale Electric Co., 11712 
Detroit Ave., Cleveland, Ohio. 

Marvin, Richard H., Elec. Engr., R. Thomas & Sons Co., 
East Liverpool, Ohio. 

Mason, J. R.. Dist. Sales Mgr., The Wickes Boiler Co., 1218 
Empire Bldg., Pittsburgh, Pa. 

Mason, Ralph K., Pres., Trumbull Vanderpoel Elec. Mfg. 
Co., Bantam, Conn. 

Masterson, T. J., Doubleday Hill Electric Co., 719 Lib- 
erty Ave., Pittsburgh, Pa. t 

Miller, Wm. J., Sales Engr., Calebaugh Self Lub. Carbon 
Co., 614 Empire Blde., Pittsburgh, Pa. 
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Maloney, C. J., Branch Mgr., Cutler Hammer Mfg. Co., 
1201 Chestnut St., Philadelphia, Pa. 

Maxon, Harry R., Pres. and Genl. Mgr., Maxon Premix 
Burner Co., Muncie, Ind. 

Meissner, H. J., Dist. Rep., Illinois Stoker Co., New York, 
-_ & 


Matthewson, J., Genl. Supt., Alliance Machine Co., Alliance, 
Ohio. 

Millikin, J. H., Treasurer, Midstates Engineering Co., 140 
S. Dearborn St., R. 851, Chicago, III. 

Mills, Geo. P., Elec. Furn. Dept.. Wm. Swindell & Bro., 
Box 1753, Pittsburgh, Pa. 

Minier, W. C., 2293 Bellefield Ave., Cleveland, Ohio. 

Moeller, N. D., Koppers Construction Co., Pittsburgh, Pa. 

Moeller, C. H., 5838 Alderson St., Pittsburgh, Pa. 

Moore, R. N., Sales Repr., Westinghouse Elec. & Mfg. Co.,. 
P. O. Box 292, Canton, Ohio. 

Montgomery, T. D., Asst. Sales Mer., The Cutler Hammer 
Mfg. Co., Milwaukee, Wisc. 

Moore, W. L., Sales Engr., Westinghouse Elec. & Mfg. Co., 
605 Home Savings & Loan Bldg., Youngstown, Ohio. 

Morrow, Linn O., Schaff Bldg., Philadelphia, Pa. 

Morris, A. F., Sales Megr., The Morgan Engrg. Co., Alli- 
ance, Ohio. 

Mortensen, W. L., Elec. Engr., Cutler Hammer Mfg. Co., 
Milwaukee, Wisc. 

Moyer, Chas. T., Lub. Engr., Keystone Lubricating Co., 
Philadelphia, Pa. 

Muehlberger, Herbert, Sales Mgr., Pringle Elec. Mfg. Co., 
1910 N. Sixth St., Philadelphia, Pa. 

Mullen, Jas. J., Vice Pres., Moloney Electric Co., St. Louis, 
Mo. 

Mundo, Charles J., Dist. Rep., Ohio Electric & Controller 
Co., Union Arcade Bldg., Pittsburgh, Pa. 

Murphy, J. W., The J. W. Murphy Co., 108 So. LaSalle 
St., Chicago, III. 

N 


Needham, O., Gen. Engr., Gen. Engrg. Dept., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

Nelson, I. R., President, I. R. Nelson Co., Bond St., New- 
ark, N. J. 

Nesbitt, D. A., Salesman, Crouse Hinds Co., 2115 Morrison 
Ave., Cleveland, Ohio. 

Newton, E. Swift, Asst. Sales Mer., The Cutter Elec. & 
Mfg. Co., Nineteenth and Hamilton Sts., Philadelphia, 


Pa. 

Nichols, H. G., Safety Switch Sec., Westinghouse Elec. & 
Mfg. Co., Mansfield, Ohio. 

Nordfelt, H. C., Electric Service Supplies Co., Oliver Bldg., 
Pittsburgh, Pa. 

Norstrum, C. O., Sales Engr., Keystone Lubricating Co., 
Philadelphia, Pa. 

O 


O’Brien, J. J., Sales Repr., Okonite Co., 310 So. Michigan 
Ave., Chicago, III. 

O’Donovan, C. B., Power Sales Engr., Duquesne Light Co., 
Pittsburgh, Pa. 

Oeters, Edgar O., President, Edgar ©. Oecters Co., 605-7 
Arch St., Philadelphia, Pa. 

O'Neill, H. P., Erecting Engr., Milwaukee Elec. Crane & 
Mfg. Corp., Milwaukee, Wisc. 

Ostrom, Carlton, Dist. Mgr., Benjamin Elec. Mfg. Co., P. 
O. Box 1055, Pittsburgh, Pa. 

Otto, Edward C., Salesman, Crouse Hinds Co., 407 So. 
Dearborn St., Chicago, IIl. 

Ottey, Wm., Mach. Dept., Rumsey Electric Co., 1007 Arch 
St., Philadelphia, Pa. 

Overpeck, J. H., Megr., J. H. Overpeck Co., 412 House 
Bldg., Pittsburgh, Pa. 

P 


Page, Geo. B., Owner, Geo. B. Page & Co., 201 State 
Theater Bldg., Pittsburgh, Pa. 

Patterson, D. B., Sales Engr., Shepard Elec. Crane & Hoist 
Co., Baltimore, Md. 

Pauly, Karl A., E. E.. Power & Mining Dept., General 
Electric Co., Schenectady, N. Y. 

Peden, J. T., Mgr. Steel Mill Sec., Westinghouse Elec. & 
Mfg. Co., Chamber of Commerce Bldg., Pittsburgh, Pa 

Pendleton, D. D., Dist. Sales Mgr., Wheeler Condenser & 
Engrg Co., 1635 Oliver Bldg., Pittsburgh, Pa. 

Perry, Wm: A., P. H. Foreman, Inland Steel Company, 
East Chicago, Ind. 
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Peterson, E. G., Ind. Sales Dept., Cutler Hammer Mfg. 
Co., Milwaukee, Wisc. 

Pfischner, Theodore, Salesman, Iron City Electric Co., 
436 Seventh Ave., Pittsburgh, Pa. 

Phillips, Jack C., 385 Sunset Rd., Reading, Pa. 

Pierce, A. G., Mgr. Central Dist., Cutler Hammer Mfg. Co., 
Cleveland, Ohio. 

Piper, A. A., Repr., Electric Controller & Mfg. Co., 620 
First National Bank Bldg., Cincinnati, Ohio. 

Pittman, C. F., Comm. Engr., General Electric Co. (In- 
dustrial Dept.) Schenectady, N. Y. 

Pittock, L. B., Asst. Supt., Estate of Henry W. Oliver, 
232 Oliver Bldg., Pittsburgh, Pa. 

Playfair, L. I., Elec. Engr., Canadian General Electric Co., 
Ltd., P. O. Box 340, Montreal, Que., Canada 

Polk, R. E., Chf. Ind. Engr., Equitable Gas Co., Pitts 
burgh, Pa. 

Phillips, R. M., Dist. Mgr., Electric Controller & Mfg. Co., 
Cleveland, Ohio. 

Powell, W. H., E. E. Charge D. C. Dept., Allis Chalmers 
Mfg. Co., Milwaukee, Wisc. 

Poynton, W. P., E. E., LeCarbone Brush Co., 634 Wabash 
Bldg., Pittsburgh, Pa. 

Pratt, J. M., Asst. Sales Mgr., Rumsey Electric Co.,. 1007 
Arch St., Philadelphia, Pa. 

Price J. B., Control Sales Engr., Westinghouse Elec. & 
Mfg. Co., Chamber of Commerce Bldg., Pittsburgh, Pa. 

Provost, Geo. W., Pres., Union Electric Co., 933 Liberty 
Ave., Pittsburgh, Pa. 

Patterson, R. F., 1226 Sixth Ave., Beaver Falls, Pa. 

Purcell, W. H., President, The Alliance Machine Co., Al- 
liance, Ohio. 

Q 


Quentin, Geo. W., Promotion Mer., Electric World, Mc 
Graw Hill Co., Inc., Tenth Ave. and Thirty-sixth St., 
New York, N. Y. 

R 


Ramsey, A. Milne, Sales Engr., LeCarbone Brush Co., 53 
W. Jackson Blvd., Chicago, III. 

Ransford, H. E., Henry N. Muller Co., 812 Westinghouse 
Bldg., Pittsburgh, Pa. 

Rapp. R. L.. Salesman, General Electric Co., Oliver Bldg., 
Pittsburgh, Pa. 

Rasmussen, C., Sales Mer., Euclid Electric & Mfg. Co., 
Euclid Village, Ohio. 

Reeb, C. A., Sales Rep., Kerite Insulated Wire & Cable 
Co., 709 Peoples Gas Bldg., Chicago, Il. 

Rei, H. D., Dist. Sales Mgr., Crouse Hinds Co., 329 Dixie 
Terminal, Cincinnati, Ohio. 

Reichenbach, H. A., Comb. Engr., Fuller Lehigh Co., Ful- 
lerton, Pa. 

Reiner, Russell, Crane Designer, 2725 N. Sixteenth St., 
Philadelphia, Pa. 

Reynolds, Baxter, Dist. Mgr., Allen Bradley Co., 615 Bul- 
letin Bldg., Philadelphia, Pa. 

Reynolds, H. Lee, 2548 Oliver Bldg., Pittsburgh, Pa 

Richards, Herbert J., Dist. Mgr., Bussmann Mfg. Co., 916 
Yellowstone Rd., Cleveland, Ohio. 
Richards, Thos. T., Vice President Mer. Sales, Wagner 
Electric Co., 6400 Plymouth Ave., St. Louis, Mo. 
Richardson, Harry S., Sales Engr., Electric Controller & 
Mfg. Co., 2698 E. Seventy-ninth St., Cleveland, Ohio. 
Riehl, A. H., Office Mer., E. S. Stickle Co., Union Arcade, 
Pittsburgh, Pa. 

Robbins, C. C., Secy. & G. M., Cleveland Crane & Engrg. 
Co., Wickliffe, Ohio. 

Roberts, A. L., 2039 Moravian St., Philadelphia, Pa 

Rhoades, Geo. H., Asst. Dist. Sales Megr., Cutter Elec. Co., 
1212 Park Bldg., Pittsburgh, Pa. 

Roe, Julian, Dist. Mgr., Crocker Wheeler Co., Old Colony 
Bldg.. Chicago, Ill. 

Ross, Alexander R., Coml. Engr., Westinghouse Lamp Co., 
Chamber of Commerce Bldg., Pittsburgh, Pa. 

Rothera. L.. English Electric Co.. Queens House Kings- 
way, London W. C. 2, England. 

Rov, C. W. Salesman, Iron City Electric Co., 436 Seventh- 
Ave.. P'ttsburgh. Pa. 

Rowe, I. C., 3311 Oakland Ave., McKeesport, Pa. 

Rowan, John S.. Pres. & Gen. Mer., Rowan Controller Co., 
Baltimore, Md. 

Rubenstein, Max., Sales Engr., Standard Underground Ca 
ble Co., 1213 North American Bldg., Philadelphia, Pa 
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Rumsey, Glenn M., Sales Engr., Shepard Elec. Crane & 
Hoist Co., Philadelphia, Pa. 

Rumsey, Geo. A., Sec. & Treas., Rumsey Electric Co., 1007 
Arch St., Philadelphia, Pa. 

Russell, S., Jr., Dist. Mgr., Crocker Wheeler Electric Mfg 
Co., 1209 Arch St., Philadelphia, Pa. 

Rutherford, B., Consul. Engr., First National Bank Bldg., 
Pittsburgh, Pa. 

Ryan, E. C., Dist. Megr., Electric Controller & Mfg. Co., 
111 West Washington St., Chicago, IIl. 

Ryder, H. A., 813 N. Eleventh Ave., Melrose Park, III. 


S 


Saunders, H. A., Sales Mer., The Ohio Elec. & Controller 
Co., 5900 Maurice Ave., Cleveland, Ohio. 

Scanlon,, J. Leo., G. M., J. Leo Scanlon Co., 393. Ellicott 
Square, Buffalo, N. Y. 

Schaum, P. H., Salesman, V. V. Fittings Co., 933 Liberty 
Ave. Pittsburgh, Pa. 

Schlingman, Paul H., Sales Engr., General Electric Co., 
1301 Pierce Bldg., St. Louis, Mo. ; 
Schmidt, Ira W., Sales Rep., Electric Service Supplies Co., 

Seventeenth and Cambria Sts., Philadelphia, Pa. 

Schneeberger, C. B., Elec. Engrg. Dept., Cleveland Elec- 
tric Illuminating Co., Cleveland, Ohio. 

Schroder, B. A., Pres., General Machinery Co., Birming- 
ham, Ala. 

Schuster, C., Pres., Pgh. Elec. & Machine Works, Barker 
Place, Pittsburgh, Pa. 

Schuster, F. A., Secretary, Pgh. Elec. & Machine Works, 
Barker Place, Pittsburgh, Pa. 

Scott, Wm. M., Engr. & Genl. Mgr., The Cutter Elec. & 
Mfg. Co., Nineteenth and Hamilton Sts., Philadelphia, 
Pa. 

Seede, John A., Elec. Engr., Electric Fnce & Welding 
Dept., General Electric Co., Schenectady, N. Y. 

Seyler, W. Eugene, 3216 Carroll Ave., Chicago, III. 

Siebenmorgen, Wm., Eastern Rep., Corliss Carbon Co., 90 
West St., New York, N. Y. 

Shepard, S. R., Dist. Sales Mgr., V. V. Fittings Co., 2000 
Hillsboro Rd., Cleveland, Ohio. 

Sibley, E. D., Supt. of Operation, Metropolitan Edison Co., 
Reading, Pa. 

Simkins, E. S., Salesman, Standard Underground Cable Co., 
Seventeenth and Pike Sts., Pittsburgh, Pa. 

Skinner, M. E., Comm. Mgr., Duquesne Light Co., Sixth 
Ave., Pittsburgh, Pa. 

Slauson, H. L., Jr., The Electric Controller & Mfg. Co., 50 
Church St., New York, N. Y 

Smith, Frank, Salesman, Otis Elevator Co., Chamber of 
Commerce Bldg., Pittsburgh, Pa. 

Smith, E. E., Sales Engr., Morganite Brush Co., 519 W. 
Thirty-eighth St., New York, N. Y. 

Snyder, J. C., Repr., Electric Controller & Mfg. Co., 1539 
Oliver Bldg., Pittsburgh, Pa. : 

Snyder, Mr. C. L., 240 S. Winebiddle St., Pittsburgh, Pa 

Smoot, C. H., President, Smoot Engineering Corp., Lib- 
erty St., New York, N. Y. 

Sorem, A. J., Sales Engr., General Electric Co., 230 So. 
Clark St., Chicago, IIl. 

Speer, Jas. W., General Engineer, Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Spellmire, W. B., Sales Megr., General Electric Co., Oliver 
Bldg., Pittsburgh, Pa. 

Spicer, A. B., Sales Engr., Crouse Hinds Co., 5500 So. 
Grand Blvd., St. Louis, Mo. 

Stack, George E., Elec. Engr., General Electric Co., Sche- 
nectady, N. Y. 

Sprague, F. B., 1209 Calumet St., Middletown, Ohio. 

Stakes, D. F., 334 Earlham Terrace, Germantown, Philadel- 
phia, Pa. 

Starbuck, D. K., Sales Engr., General Electric Co., 44 Cen- 
tral Square, Youngstown, Ohio. 

Starr, A. B., R. D. No. 2, Coraopolis, Pa. 

Stevens, A. C., Sales Mgr., Cutler Hammer Mfg. Co., Mil- 
waukee, Wisc. 

Stevenson, Mr. Walter E., 702 Farmers Bank Bldg., Pitts- 
burgh, Pa. 

Stevenson, Barton, Mer. Pr. Div., Westinghouse Elec. & 
Mfg. Co., Chamber of Commerce Bldg., Pittsburgh, Pa. 

Stickle, E. S., President, E. S. Stickle Co., 934 Union Ar- 
cade, Pittsburgh, Pa. 
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Stimple, George E., Secy., Stimple & Ward Co., 520 San- 
dusky St., Pittsburgh, Pa. 

Stockdale, H. S., Mfgrs. Agt., 337 Oliver Bldg., Pittsburgh, 
Pa. 

Stoltz, G. E., Genl. Engr., Westinghouse Elec. & Mfg. Co., 
General Engrg. Div., East Pittsburgh, Pa. 

Stone, Edmund C., Planning Engr., Duquesne Light Com- 
pany, Sixth Ave., Pittsburgh, Pa. 

Stout, Geo. L., 11712 Detroit Ave., Cleveland, Ohio. 

Street, Fletcher D., Sales Engr., Keystone Lubricating Co. 
Philadelphia, Pa. 

Stuckey, H. Y., Chf. Engr., Alliance Machine Co., Alliance, 
- Ohio. 

Sullivan, Wm. F., Asst. Mer., Crocker Wheeler Co., Old 
Colony Bldg., Chicago, III. 


‘Swallow, Mr. Geo. W., 2301 East 70th Place, Chicago, III. 


Swartz, A. H., 1289 East Blvd., Switzer Apt., Cleveland, 
Ohio. 

Swarts, G. Taylor, Vice Pres., Steam Equipment Mtg. Co., 
8077 Jenkins Arcade, Pittsburgh, Pa. 

Swartz, C. A., Vice Pres., Ludwig Hommel & Co., 929 Penn 
Ave., Pittsburgh, Pa. 

Swift, Austin R., 2138 H. W. Oliver Bldg., Pittsburgh, Pa. 

Sykes, S. B., Ind. Control Spec., General Electric Co., 230 
Clark St., Chicago, IIl. 

vy 


Taylor, Carl D., Sales Engr., Westinghouse Elec. & Mfg. 
Co., Chamber of Commerce Bldg., Pittsburgh, Pa. 
Taylor, C. L., Vice Pres. & Chf. Engr., The Morgan En- 
gineering Co., Alliance, Ohio. 

Taylor, L. D., Draftsman, Electric Controller & Mfg. Co., 
2700 East Seventy-ninth St.. Cleveland Ohio. 

Tencher, R., Dist., Mer., Dwight P. Robinson & Co., Con- 
way Bldg., Chicago, III. 

Thompson, Hugh L., Cons. Engr., 57 North Main 
Waterbury, Conn. 

Thompson, Eustis H., Mech. Dept., Baltimore Copper & 
Smelting & Rolling Co., Baltimore, Md. 

Thompson, A. J., Pres., Thompson Electric Co., 1438 West 
Ninth St., Cleveland, Ohio. 

Tinnerholm, August F., Asst. Mer., Mica Insulator Co., 
Schenectady, N. Y. 

Taylor, C. C., Dist. Megr., Reliance Elec. & Engrg. Co., 
805 American Trust Bldg., Birmingham, Ala. 

Torrey, C. E., 335 Fifteenth St., N. W., Canton, Ohio 

Towle, Jos. H., Sales Repr., Electric Service Supplies, Co., 
Seventeenth and Cambria Sts., Philadelphia, Pa. 

Towle, Thos. S., Salesman, The Cutler Hammer Mfe. Co.. 
950 Century Bldg., Pittsburgh, Pa. 

Tregenza, A. E., Asst. to Pres., Chicago Fuse Mfe. Co.., 
1501 West Fifteenth St., Chicago, III. 

Tresselt, R., V. V. Fittings Co., Rm. 550, 50 Church St., 
New York, N. Y. 

Trinks, Prof. W.; 1410 Denniston St., Pittsburgh, Pa 


U 


Uhl, Mr. Harry C., 181 Plymouth Avenue, Schenectady, 
Mm. 

Umberger, John R., Propr., J. R. Umberger Co., Lebanon, 
a. 

Umansky, L. A., Industrial Engrg. Dept., General Electric 
Co., Schenectady, N. Y. 


St. 


Vv 


VanBrunt, John, Vice Pres., Combustion Engineering 
Corp., 43 Broad St., New York, N. Y. 

VanKirk, FE. P., Cons. Elec. Engr., Westinghouse Air Brake 
Co., Wilmerding, Pa. 

Vaughan, R. W., 414 Biddle Ave., 


Ww 


Wade, Arthur A., Vice Pres., Paul W. Koch & Co., 19 S 
Wells St., Chicago, III. 

Waldo, R. F., Dist. Rep., Ideal Commutator Dresser Co., 
Room 421 Fulton Bldg., Pittsburgh, Pa. 

Walsh, Thos. C., Salesman, Chicago Fuse Mfg. Co., Chi- 
cago, IIl. 

Walter, A. D., Secy. & Treas., The Ohio Electric & Con 
troller Co.. 5900 Maurice Ave., Cleveland, Ohio. 

Walters, V.'E.. Salesman, Allis Chalmers Mfg. Co., 1811 
Guarantee Title Bldg., Cleveland, Ohio. 

Waltz, A. B., North American Mfg. Co., Cleveland, Ohio. 


Walkinsburg, Pa. 
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Walworth, Stanley L., Salesman, Pittsburgh Transformer 
Co., N. S., Pittsburgh, Pa. 

Ward, Geo. B., Salesman, Rumsey Electric Co., 1304 Erie 
Ave., Philadelphia, Pa. 

Watson, R. O., Mer. Steel Mill Sec., Westinghouse Elec. 
& Mfg. Co., East Pittsburgh, Pa. 

Webster, Fred L., Dist. Megr., Allis Chalmers Mfg. Co., 
Peoples Gas Bldg., Chicago, IIl. 

Weigle, Edward, Salesman, Iron City Electric Co., 436 Sev- 
enth Ave., Pittsburgh, Pa. 

Wensley, R. J., Automatic Switching Engr., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

Wertz, Roy O., Engineer, The Ohio Electric & Controller 
Co., Cleveland, Ohio. 

West, Clarence J., 1225 Crittenden Ave., N. W., Washing- 
toa, 2. C. 

Wettengel, Wm. F., Megr., Power Division, Beaver County 
Light Co., Beaver Falls, Pa. 

Whetstone, R. A. Megr., Electric Storage Battery Co., 
Union Trust Bldg., Pittsburgh, Pa. 
Whitcomb, Arthur J., Asst. Editor, Industrial Engr., Mc- 
Graw Hill Co., Inc., 7 So. Dearborn St., Chicago, IIl. 
White, Kenneth G., Adv. & Sales Mgr., Stroh Steel Hard- 
ening Process Co., 804 Westinghouse Bldg., Pitts- 
burgh, Pa. 

White, Francis J., Elec. Engr., Okonite Co., 501 Fifth Ave., 
New York, N. Y. 

Whitewell, C. H., Engrg. Dept., Equitable Gas. Co., Pitts- 
burgh, Pa. 
Widdows, R. G., Sales Mer., Electric Controller & Mfg. 
Co., 2700 East Seventy-ninth St., Cleveland, Ohio. 
Wiley, Brent, Coml. Engr., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Williams, C. H., General Electric Co., Witherspoon Bldg., 
Philadelphia, Pa. 

Williams, W. H., Vice Pres. & Sales Mer., The Clark Con- 
troller Co., 1146 East 152nd St., Cleveland, Ohio. 

Williford, E. A., Sales Mer., Carbon Sales Division, P. O 
Box 400, National Carbon Co., Cleveland, Ohio. 


Items of 


Bulletin number 151, published by the University 
of Illinois, covers the study of Skip Hoisting at Ilh- 
nois Coal Mines, by Arthur J. Hoskin. The con- 
tents are as follows: “Advantages and Disadvan- 
tages of Skip Hoisting;” “The Skip Hoisting Mines 
of the State;”’ “Skip Hoisting Mine Bottoms;” “Skip 
Hoisting Plants; “General Considerations;” “Coal 
Preparation ;” “Degredation of Coal;” “Cost Fea- 
tures.” Summary. 


Harnischfeger Sales Corporation, distributor for 
Harnischfeger Corporation, announces the location 
of a branch office at Indianapolis, Ind., 808 Guar- 
anty Building, Phone Circle 1719. Mr. J. H. Enochs 
is District Manager, in charge of this office. 


A series of six articles, covering the Oil Electric 
Locomotive, has been issued by the Ingersoll-Rand, 
American Locomotive and the General Electric Com- 
panies. No. 1 article covers “The New Source of 
Power;” No. 2 article covers the “Best Form of 
Drive;” No. 3 article covers “A Saving in Fuel and 
Maintenance;”’ No. 4 article covers “A Saving in 
Time and Labor;” No. 5 article covers “Further Fea- 
tures of Advantage;” No. 6 article, “The Return on 
Capital Investment.” Any of these articles may be 
secured by writing the Railway Department, General 
Electric Company, Schenectady, New York. 
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Wilson, E. H., Sales Engr., Motor & Control & Accessories, 
Robbins Electric Co., Liberty Ave., Pittsburgh, Pa. 

Wilson, G. P., Switchboard Engr., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Wilson L. C., Republic Flow Meters Co., 412 FE. Main St., 
Morris, Ill. c 

Winne, Harry A., Ind. Engrg. Dept., General Electric Co., 
Schenectady, N. Y. 

Wohlgemuth, M. J., Switchboard Engr., Westinghouse 
Elec. & Mfg. Co., East Pittsburgh, Pa. 

Wood, J. E., Mfgrs. Agent, Roller Smith Co., Cleveland, 
Ohio. 

Wray, William, Mgr. Pgh. Office, Allis Chalmers Mfg. Co., 
1209 Park Bldg., Pittsburgh, Pa. 

Wright, J. David, E. E., Power & Mining Dept. General 
Electric Co., Schenectady, N. Y. 

Wright, D. Clarence, Engr., Electric Controller & Mfg. Co., 
Cleveland, Ohio. 

Wright, Robert F., Salesman, Westinghouse Elec. & Mfg. 
Co., Birmingham, Ala. 


+f 

Yamakawa Gitaro, Professor, Electrical Engrg. Dept., Col 
lege of Engineering, Tokyo Imperial University, Tokyo, 
Japan. 

Yates, Wm. C., Mer., Industrial Control Sales, General 
Electric Co., Schenectady, N. Y 

Yorkey, W. R., Dist. Mer., The Electric Controller & Mfg. 
Co., 50 Church St., New York City, N. Y 

Youmans, W. R., Field Engr., The Ironton Engine Co., 
Ironton, Ohio. 

Young, Warren H., Salesman, Economy Fuse & Mfg. Co., 
1572 Hanna Bldg., Cleveland, Ohio. 

Young, F. C., Ind. Repr., Westinghouse Tract. Brake Co., 
207 Westinghouse Bldg., Pittsburgh, Pa 


Z 
Zachau, Eric, Works Mer., Shaw Crane Works, Manning, 
Maxwell & Moore, Inc., Muskegon, Mich 


Interest 


The Trumbull Electric Mfg. Co., of Plainville. 
Conn., has just engaged Mr. H. S. Hill, as sales 
representative in Atlanta. Mr. Hill will work the 
southeastern territory in connection with Mr. Knoep- 
pel, who has been there for several years, and is lo- 
cated in Jacksonville. Mr. Hill is a graduate of the 
University of North Carolina, was in the Navy dur- 
ing the war, and is a man with engineering training. 


The Graybar Tag, formerly Western Electric 
Dealer, is a new house magazine, which contains 
many interesting features in connection with elec- 
trical appliances for the home, office and factory. 
The editorial scope of this magazine will be very 
broad. For electrical dealers, a complete window dis 
play service will be run For central stations there 
will be many articles of information and ‘value. 
Radio stations will also receive considerable notice. 
A story each month on railroads will also form an 
interesting feature of this magazine. For a copy 
of this new periodical, write Kenneth B. Hopkins, 
Ady. Dept., Graybar Electric Company, 100 E. Forty- 
second Street, New York, N. Y. 


The General Electric Company’s new industrial 
control catalogue is a very complete story of what 
this company builds and distributes in the way of 
industrial control. This catalogue contains 160 
pages of very useful information. 
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The Strom Division of the Marlin-Rockwell 
Corp., has moved its Philadelphia office to 1211 
Franklin Trust Bldg., Fifteenth and Chestnut streets. 
Mr. A. \W. Wiese will continue as manager in that 
territory. 


Bulletin number 2050 discusses the importance 
of low exciting current and its value in the opera- 
tion of transformers and shows how this important 
feature is embodied in Pittsburgh Polyphase Trans- 
formers. It also points out other ways of saving 
through the use of Pittsburgh Polyphase Trans- 
formers and will, we believe, be of extreme interest 
to the user of transformers. Copies of this may be 
had by writing Pittsburgh Transformer Company, 
N. S., Pittsburgh, Pa. 


The last issue of the Valve World, distributed by 
Crane Company, has many articles of interest, one 
in particular, “Accuracy in High Temperature Test- 
ing of Materials,” by L. W. Spring, and J. Kanter. 
Another article, by Fred W. Venton, covering the 
subject of “Engine Failures due to Improper Piping,” 
is very interesting. 


The Cleveland Worm & Gear Company recently 
issued a bulletin, number 105, which tells a very 
complete story of the gears manufactured by this 
company. 


The December 15 issue of the Delta Star Monthly 
issued by the Delta Star Electric Company, Chi- 
cago, contains a very interesting description of a 
standard outdoor construction for voltages up to and 
including 132-Kv. Copies will be sent upon request. 


The Condit Electrical Manufacturing Corp., of 
Boston, Mass., has issued publication 1006-2, which 
describes the switch boards built by this company. 
This publication contains 16 pages of useful informa- 
tion outlining how the Condit Switch Boards are 
built, the material and workmanship that go into 
their construction, the attention that 1s given to spe- 
cial details of importance to individual installations. 


‘Automatic Switching Equipment,” is the title of 
a 23-page bulletin just issued by the General Elec- 
tric Company and bearing the number GEA-295. 
The bulletin is well illustrated and describes the ap- 
plication of this equipment to railway service- hydro- 
electric generators, mining and industrial service, 
central station service, etc. 


Quite frequently it is necessary to protect elec- 
trical apparatus against moisture, acid fumes, ete. 
To meet the requirements for this work, The Cutler- 
Hammer Mfg. Co., Milwaukee, Wisconsin, have 
brought out the control station. 

The mechanism is enclosed in a cast iron case, 
and has a cover fitted with a gasket, which excludes 
all moisture and fumes. A stuffing gland fitted to 
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the shaft provides a tight joint, and the thick wall 
of the cast iron body allows enough threads for a 
tight conduit or pipe connection. 

Contact is made on the brass cylinder by two 
heavy fingers of standard non-stubbing design. 
These fingers are mounted on asbestos lumber and 
are zinc plated as are all other small parts. The 
contact tips are of heavy bar rolled, copper. The 
fingers are of sufficient capacity to permit the use 
of this master control station on any pilot circuit 
at all commercial voltages. 

The large polished brass handle gives a conveni- 
ent grip to the average operator. It extends far 
enough from the case to indicate whether the station 
is open or closed. All parts are generously propor- 
tioned to reduce chances of breakage in rough or 
careless handling. The case is sprayed with a pro- 
tecting paint to withstand submersion in water or 
the effect of acid fumes. 

This station was first installed in a rubber fac- 
tory, where chemical fumes attacked the ordinary 
station and control mechanism, necessitating frequent 
repairs. Since this new type station has been in- 
stalled this difficulty has been overcome entirely. 


A new Bulletin, number 200, covering Roller- 
Smith Bond Testers and Accessories has just been 
issued by the Roller-Smith Company, 233 Broadway, 
New York, N. Y. 

The Type SBT Bond Tester is not a new one 
and has been on the market for many years. 

The Type BBT Bond Tester and the Type B 
Contact Bar are new devices just placed on the mar- 
ket. The particular application of the new BBT 
Bond Tester is for those applications where the cur- 
rent in the rail is completely feeble or where such 
current is absent as on new construction or at the 
ends of trolley lines where no cars are running be- 
yond the point where tests are being made. The 
Type BBT Bond Tester has over five times the sen- 
sitivity of the most sensitive bond tester heretofore 
made. It can be successfully used with the current 
from a single number 6 dry cell The special con- 
tact bar carries a bracket for this dry cell and the 
necessary battery switch and contacts. 


C. C. Smith, or rather “Pat” Smith, as he is bet- 
ter known, made fame and Walter Camp’s All Amer- 
ican as a plunging fullback on Yost’s University of 
Michigan football team of 1917. : 

He did equally well as a backfield star on the 
great Naval Training School team at the Great 
Lakes 

After the close of the war, “Pat” spent several 
years in Russia, working with the American Relief 
Expedition. 

Returning to America, “Pat” recognized the pos- 
sibilities of the electrical industry and choose to en- 
ter it. 

He is now a member of the Square D Company’s 
sales organization and is located at 61% Bessemer 
Suilding, Pittsburgh, Pa. 


\ convenient chart for the use of engineers who 
have occasion to calculate quantities connected with 
the expansion of steam is being distributed by the 
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De Laval Steam Turbine Company, of Trenton, N. 
J. The well known Mollier diagram is printed upon 
a stiff sheet of Bristol board, attached to which is a 
scale, which can be broken off and used directly for 
measuring heat available, spouting velocity, pounds 
of steam per horsepower hour and duty between 
given pressure limits on the entropy diagram, that 
is, the chart and scale give these quantities directly 
for a perfect heat motor. If the steam consumption 
of an.actual engine or turbine is known, the effi- 
ciency ratio is found by a simple division. The 
quality of the steam at the end of a periect expan- 
sion or at the end of actual expansion of known etf- 
ficiency or steam consumption is also read off im- 
mediately from the chart. Copies will be sent upon 
request. 


The last of the six huge variable-voltage trans- 
formers designed and manufactured for t‘:e Philadel- 
phia Electric Company was del:vered recently by 
the Westinghouse Electric and Manufacturing Com- 
pany. There were six single-phase 20,000-KV A. ot! 
immersed, 60-cycle transformers in all, to constitute 
two banks delivering 60,000 KVA _ of electrical en- 
ergy to lines supplying power to the Public Service 
Corporation of Trenton, and the United Gas Im- 
provement Company of Bristol, N. J. 

The transformers supplied will operate Delta con- 
nected on the low-voltage side at 13,800 volts, de- 
livering power on Star connection at from 69,000 to 
76,000 volts. The variable delivery is made possible 
by four steps embodied in a tap changing device de- 
signed for changing voltage under full load without 
shutting off the power or interfering with the trans- 
mission system or circuit-breakers 

The two sets constitute the largest transformer 
installations ever placed in operation which include 
tap changing under load conditions. The specially 
designed tap changing mechanism is mounted in a 
large enclosed steel housing at the top of the trans- 
former tanks. They are off the ground and are en- 
tered through a door which would remain locked at 
all times to prevent the tap settings being molested 
by other than those in charge. 

The transformer tanks are more than 15 feet in 
height, with an overall clearance, including platform 
and bushings, of 24 feet. The tanks measure * feet 
5 inches in diameter. 

The two transformer banks are being installed 
in the Richmond Station of the Philadelphia Elec- 
tric Company as part of the first two units of what 
will ultimately be eight 50,000-KVA generating and 
transmission units. 


The Chicago Fuse Mfg. Co. has announced the 
appointment of F. L. Williamson as Eastern sales 
manager, with headquarters at 71 Murray street, New 
York City. He will have supervision of sales in 
the New York and Philadelphia territories, covering 
the New England States, Eastern New York, New 
Jersey, Eastern Pennsylvania, Delaware, Maryland, 
District of Columbia and Virginia. 

Mr. Williamson has been identified with the elec- 
trical industry in the East for many years. Previ- 
ous to joining the sales organization of the Chicago 
Fuse Mfg. Co., he was sales manager of the Taplet 
Mfg. Co., Philadelphia, for a year and a half, and 
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prior to that time was manager of the New York 
office of the Economy Fuse & Mfg. Co for eight 
vears. 


During the year 1925, the Monitor Controller 
Company, Baltimore, Maryland, extended the field 
of application of its Edgewound Resistor to railway 
service, designed a thermal relay with all metal ex- 
pansion units for its Thermaload Starter, and put on 
the market a new type of limit switch and also a 


new type of hoist controller. 


Edgewound Railway Resistor 


The resistor units, themselves a recent Monitor 
development, are of allow ribbon wound on edge in 
helical form and mounted on a steel-reinforced porce- 
lain support. This method of construction relieves 
the ribbon of all mechanical strain, provides thor 
ough ventilation and gives a unit that is rigid even 
at a red heat. 

Two simple forms of clamps provide facilities for 
connecting adjacent units together and for taking off 
taps. Taps may be placed at any desired point along 
the resistor and changed at will, thus enabling accu- 
rate adjustment of the resistance steps to be ob 
tained. 


Individual units are mounted in banks occupying 
the same space as required by the common cast-iron 
grid railway resister, but they are much lighter in 
weight. As each unit ts equivalent to several cast 
iron grids, the number of joints is reduced to a 
minimum. 

Thermaload Starter 

Thermaload Starters are designed for all types 
of drive where single-phase or polyphase motors are 
connected across the line. They give low-voltage 
and overload protection, protect polyphase -motors 
from damage due to phase failure, and permit full 
load, full-torque starting. 

The new type of thermal relay employed in these 
starters to open the main line contactor when over 
loads are dangerously prolonged contains no liquid 
of any kind. The expansion un'ts on the relay are 
made of thermal metal wound in the form of a helix 
One end of the helix is fixed, te other pivoted and 
free to turn, 

he thermal, or heating elements, are located in 
side these helicas. When dangerous overheating ox 
curs, the expansion units begin to untwist. Actuat 
ing arms on the free ends of the expansion units 
transmit this motion to the contact arm of the relay, 
causing the relay contacts to open. This breaks the 
circuit of the holding magnet of the main-line con 
tactor, causing it to open and disconnect the motor 
from the line. An auxiliary contact on the relay 
insures flutter-proof operation 

By substituting thermal elements of the proper 
rating, a starter may be quickly changed from one 
horsepower rating to another. The starter is de 
signed for pilot-circuit operation 

Limit Switch 

The new Monitor Machine Limit Switch is un 
usually compact in design, the overall maximum di- 
mensions being 4x2%x2% inches. It is designed to 
handle the pilot circuit of either a direct or alternat- 
ing current starter or controller. It may be used as 
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a machine limit switch; as an interlock switch, or for 
other purposes of like nature. 

The switch is made in two types, one having 
normally open contacts and the other having nor- 
mally closed contacts, the construction of both types 
being absolutely dust tight. In the stanadrd type 
the construction provides copper-to-copper contacts 
of large size which operate under heavy contact 
pressure. Silver contacts can be provided for spe- 
cial applications if desired. 

Hoist Controller 

The new Monitor Hoist Controller is a reversing 
electric controller with rope-operated-control master 
station, and is intended for use on traveling cranes, 
on chain and rope hoists, and on all other similar 
applications requiring a compact, substantial outfit 
possessing desirable safety features. 

Essentially, the controller consists of two en- 
closed-type double-pole mechanically interlocked con- 
tactors, having graphite-to-copper contacts, blowout 
magnets and suitable barriers, all mounted on an 
8x7-inch panel. 

The control master, of the fully enclosed self- 
centering type is intended for rope operation, and is 
always in the “off” position except when forcibly 
held by the operator in either “forward” or “reverse” 
position. Bosses cast in the housing take the strain 
off the operating rope and protect the contacts from 
mechanical damage. Overall dimensions of the con- 
troller are 81%x101%x6 inches. 


A thermometer similar in appearance to the usual 
mercury-in-glass one, but capable of registering a 
temperature of more than 1800 degrees Fahrenheit, 
has been developed in the Thomson Research Labo- 
ratory of the General Electric Company at Lynn, 
Mass. Instead of glass, which would melt at far 
lower temperatures, the thermometer bulb and steam 
are made of clear, fused quartz; and instead of mer- 
cury, which would boil and cause the thermometer 
to explode at such a temperature, gallium, one of 
the rarer metals, is used. 

A temperature of 1000 degrees Fahrenheit is the 
maximum with the- mercury-in-glass thermometer, 
and such thermometers are inaccurate at high tem- 
peratures. By the use of mercury-in-quartz, Ger- 
man scientists attained a previously maximum tem- 
perature of about 1300 degrees Fahrenheit. 

The ordinary household thermometer has a 
vacuum in the stem above the mercury, and the 
usual high-temperature instrument uses gas under 
pressure in the stem. The new gallium thermometer 
returns to the first principle, with a vacuum or only 
slight amount of gas above the registering column. 

The development of a method for the commercial 
production of clear fused quartz as tubing was the 
first development in the Thomson research laboratory 
that made the new instruments possible The other 
necessary study was in regard to the physical and 
chemical properties of the rare metal-gallium. 

This metal is similar to mercury in appearance, 
but is much lighter in weight. It melts at a tem- 
perature of 100 degrees Fahrenheit, but can be 
cooled to about 40 degrees before solidifying. Gallium 
boils at about 3600 degrees, so that it is not neces- 
sary to have it under pressure in the thermometer. 
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In making the thermometers, it is necessary to 
have the gallium very pure, since slight traces ct 
certain impurities so affect the metal that it sticks to 
or “wets” either glass or quartz. ‘Wetting’ makes 
a metal unsuitable for use in thermometers. It was 
therefore necessary for the scientists to investigate 
the properties of the metal before a process could 
be developed whereby the pure gallium could be ob- 
tained within the stem of the thermometer. 

Even further research was necessary, however, 
since it is not possible to etch and mark quartz in 
the way that glass is handled in thermometer manu- 
facture. It was found that cold hydrofluoric acid, 
used for glass,:attacks the entire quartz surface in 
spite of protective coatings. The etching was ac- 
complished by using hot, dilute hydrofluoric acid, 
with polymerized chinawood oil as a protective coat- 
ing. To make the etching easily visible, a composi- 
tion of sand and copper oxide was used to produce 
erayish-black marks; this substance not only with- 
stands the intense heat, but also resist most chem- 
ical reagents. 

Such devices as thermocouples, pyrometers and 
similar devices have been needed previously for high 
temperature readings. The new thermometer per- 
mits accurate high temperature determinations in 
the usual manner. 

Sylvester Boyer of the Thomson Research Lab- 
oratory, in describing the gallium-in-quartz, ther- 
mometers in the December issue of the Journal of 
Industrial and Engineering Chemistry, points out 
that a number of these thermometers have been used 
with satisfactory results in laboratory work, but that 
the production of the instruments has been more of 
a purely scientific investigation. Development in 
the work will be continued if interest in such an 
instrument seems to warrant it. 

One advantage of the use of quartz for ther 
mometers is its low coefficient of expansion. Thus 
quartz is not affected by sudden changes of tempera- 
ture which would shatter glass. 

Gallium-in-quartz thermometers are the latest of 
a number of instruments made possible by clear 
fused quartz. Other recent developments have in- 
cluded quartz motion picture lenses, a large variety 
of medical and surgical instruments, quartz paning 
for windows for medical studies, and improved as- 
tronomical mirrors. 

Gallium was discovered in 1876 by Lecoq de 
Boisbaudran. During the following four or five 
years considerable experimental investigations were 
carried on by him and others, but in the following 
period of 40 years litthke work was done with the 
element 

In the United States a source of gallium was dis- 
covered ten years ago in the “leady residues” left 
after the distillation of zinc from certain ore. Resi- 
dues obtained from such ores in the Missouri and 
Oklahoma regions contain considerable gallium but, 
since there were no commercial uses for the metal, 
these residues were not worked for their gallium con- 
tent. Instead, they were sold for their lead value. 

The application of gallium in a cadmium lamp 
for monochromatic light has been reported but seem- 
ingly has not been commercialized. At present, gal- 
lium cannot be obtained in quantities on the-market, 
but the use of the metal for thermometers will prob- 
ably make such production possible. 
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After many months of experimentation under the 
Ringsdorff formulae, the National Carbon Company 
has succeeded in producing the world famous Rings- 
dorff ET-10 brush for rotary converters and has now 
placed the American-made product on the domestic 
market. 

The accomplishment, which has been verified, 
tested and enthusiastically endorsed by Hans Rings- 
dorff, is an outstanding achievement in American 
industrial science, inasmuch as similar experimental 
efforts have been made in almost every country in 
the world without success. Heretofore, only at the 
Ringsdorff plant at Mehlem, Germany, has it been 
possible to manufacture the ET-10 brush. 

When the National Carbon Company secured the 
American rights to the Ringsdorff invention, it first 
imported the fully manufactured brush from Ger- 
many. Later the raw materials were imported and 
assembled here. As a result of the recent achieve- 
ment, the entire manufacturing process will be car- 
ried out at the company’s plant in Cleveland, which 
will mean an absolutely sure and continuous soure¢ 
of supply, carried on by American technical experts. 

Commenting on the successful outcome of the 
experiments in this country, Mr. Ringsdorff writes 
the National Carbon Company as follows: 

“As I told you when | was over there, the Amer- 
ican-made ET-10 is apparently just as good as the 
material made by us in Mehlem. This impression 
has been fully confirmed by the experiments which 
we have made on your material which | brought 
back with me, and | congratulate you on being able 
to control this relatively difficult manufacturing 
problem in such a short time.” 

A further development in brushes for rotary con- 
verters was also announced by the National Carbon 
Company with its new National Grade 541 brush, an 
entirely American product. This is a specially im- 
pregnated brush, which will require additional lubri- 
cation after a few months’ service, but where opera- 
tors are willing to perform this additional lubrica- 
tion, the new brush offers exceptionally long life and 
economical operation. Specially selected materials 
and new processes of manufacture developed by the 
National Carbon Company engineers enter into the 
making of the 541, which has already received the 
general endorsement of the electrical industry. 


Worm reduction gears, as recently developed for 
the driving of slow and moderate speed machinery 
by means of standard high speed electric motors, 
give speed reductions from 4 to 1 to as much as 
100 to 1 in one step, with satisfactory efficiency, but 
for higher ratios, a one step worm gear would either 
require an inconveniently large wheel or else the 
teeth would be too small and weak. 

For ratios above 100 to 1, as required for driving 
cooling tables, conveyors, stokers, heat treating fur- 
naces, escalators, etc., it is therefore desirable to use 
two steps, with which the highest reduction ratios 
ordinarily required are readily attained. The two 
stage worm reduction gear has been developed 
by the De Laval Steam Turbine Co. of 
Trenton, N. J., for ratios up to 8,000 to 1. The 
one casing carries all bearings for the high speed 
worm shaft, the low speed worm shaft, which also 
carries the high speed wheel and the low speed wheel 
shaft, thereby insuring accurate alignment and per- 
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fect meshing. There are only three working mem- 
bers, excluding the ball bearings of the two worm 
shafts, and these parts are heavy and rugged. End 
thrust and bending strains from the driving and 
driven machine are avoided by the use of flexible 
couplings of the pin and rubber bushing type. 

The one piece casing also acts as an oil reservoir, 
the oil being carried at such height that it touches 
the high speed wheel and the low speed worm at all 
times. In addition a positive oil pump draws oil 
from the reservoir and forces it through passages to 
the low speed shaft bearings. This is a valuable 
feature, as it is practically impossible, due to the low 
speed of this shaft, to lubricate the bearings satis- 
factorily by splash. Suitable filling and drainage 
openings and oil cocks are provided for controlling 
the oil level. Escape of oil along the high speed 
worm shaft is prevented by a packet gland, while 
the seepage of oil along the low speed shaft is 
avoided by the use of an oil slinger working between 
the end of the bearing and an oil guard surrounding 
the shaft and held in grooves in the casing and 
cover. — en — 

General Electric Catalogue 6001-B, superseding 
all previous catalogues issued by the company, with 
the exception of those dealing with railway, mine 
and industrial supplies and merchandise products, is 
being distributed. The complete catalogue is issued 
every two years. 

The book is two inches thick, and contains more 
than 1100 8x10%-inch pages. The illustrations total 
more than 3200. 

The catalogue is thumb-indexed into 16 sections 
as follows: Generation, wire and cable, distribution 
transformers, arresters, voltage regulators, switch- 
boards and accessories, meters and _ instruments, 
motors, motor applications, industrial controi, rail- 
way, lighting, indutrial heating, miscellaneous, and 
indexes. In the indexes, products are classified both 
by subject and by catalogue numbers. 


SAFETY CONGRESS 


(Continued from Page VII) 

Kvery Steel Plant in this country co-operated 
with the A.IL&S.E.E. to such an extent that in 1913 
the A.L&S.E E. invited all the industrial plants in 
the United States to participate in what is known to- 
day as the First Co-operative Safety Congress. 

Ten thousand copies of the transactions of this 
Congress were printed and distributed throughout 
the industries in the United States. 

Out of the First Co-operative Safety Congress 
came the National Safety Council. 

Now, what will come out of the Safety Congress 
being conducted by the A.L&S.E.E. March 10th, 
1926, at Pittsburgh, Pa. Plant Managers, Safety 
Directors, Electrical Engineers and Superintendents, 
Crane Builders, Electrical Manufacturers, all will 
meet on a common ground to discuss the Safe Oper- 
ation of Electric Overhead Traveling Cranes. One 
thing we are sure of—there will be less lost time 
accidents in connection with the Operation of Elec- 
tric Overhead Traveling Cranes in the year 1926. 
True, in order to make this prediction a possibility, 
you must attend this Congress and contribute your 
share. 

Will you be there? 
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Industry's first duty to itself—and to every member 
of its complex organization is Safety—provision 
against mishap to property, to equipment, to men. 


Shortened life or weakened service, whether of 
employer, employee, machine or mill reflects itself 
in the earnings of the organization or some indi- 
vidual therein. 


Nothing is truer than the old saying, “An ounce 
of prevention is worth a pound of cure.” 


An expenditure for safety is a far more economical 
move than the hope “that nothing’ll happen” which 
costs nothing—it is an investment in happier, more 
progressive, more profitable business. 


The Nichols-Lintern Co. is proud of its association 
in the cause of Safety—proud of the products which 
have made the mark “N-L” almost synonomous 
with “Safety”. 
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